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foreword 


It has been ascertained that many students fail physics as a result of poor 
mathematical background. It is also true that 70% of physics is mathematics. If you are 
writing or preparing for physics in any of these examinations. WAEC, NECO, NABTEB, 
NDA, JAMB or Unified Tertiary Matriculation Examination, this book - ALL- 
INCLUSIVE CALCULATIONS IN PHYSICS - is your sure companion to success. 

This book has been greatly simplified to the most basic level and the examples 
arranged in proper ascending order. It has not only covered a lot of topics but treated 
them to the highest satisfactory level. The content is suitable for senior secondary school 
level, as well as students preparing for pre-degree and preliminary courses in universities, 
polytechnics and colleges of education. The exercises are numerous and widespread, 
covering examinations of many years. 

This book seems to be the best of in its class. Thus, I strongly advise that you 
should have this book and at least one theory physics textbook. However, if you cant 
afford many but one, let that one be THIS ONE: ALL-INCLUSIVE CALCULATIONS 
IN PHYSICS. 

The author is an injector and generator. I commend the author, Solomon Dauda 
Yakwo, for writing this book. It is a masterpiece. Above all, I congratulate him for the 
formulae he has produced in radioactivity. Through this book, the author has “valentmed” 
mathematics and physics. Those who buy and study this book to the fullest can be sure of 
passing any physics calculation examination. 

A tree cannot make a forest. The best of this book will include your constructive 
suggestions sent to the author. 


Ur. Jacob Tsado B.Eng., M.Eng., Ph.D(Uniben) 
Electrical and Computer Engineering Department, 
Federal University of Technology, Minna, Nigena. 
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PREFACE 


This book deals specifically w„b calculations in phys.es in an entirely drfferenb 
iii ^ _ it i s, written to ensure that a student in 

ighly simplified and very comprehensive manner g of hys , cs ca , culatl0 ns 

Senior Secondary School acquires the basic princip n H KfDA 

and prepares adequately ,n advance for WAEC, NECO. JAMB, NABTEB, and NDA 

examinations in such a way that nothing is left to chance. 

Also, students undergoing pre-degree or preliminary programmes in univerMt.es, 

polytechnics and colleges of education will certain y me 
CALCULATION IN PHYSICS extremely useful to their understanding ° asi< j 
calculations in physics as a prelude to the more complex calculations in Advance 
Physics courses. 

For every topic, concept or chapter, a brief theoretical explanation is given and t e 
relevant equations are stated. Based on similarity, degree of difficulty and frequency o 
appearance, various typical examples are taken from a pool of ALL past JAMB (1978 
2009), WAEC (1988 - 2009) and NECO (2000 - 2009) questions and solved in a detailed 
and simplified manner that will ensure that students are fully equipped to handle ANY 


calculation problems, no matter how tricky or difficult the question may be. 

At the end of each chapter is a question and answer section that includes ALL 
other calculation questions (except those used as examples) in JAMB (1978 - 2009), 
WAEC (1988 - 2009) and NECO (2000 - 2009) related to the concepts or topics treated 
in that chapter. The author is bold and sincere to declare that if a student invests quality 
time and effort in going through all the solved examples and in solving all the exercises at 
the end of each chapter, then there is assurance that the student will confidently and 
correctly solve any calculation question in WAEC, NECO, JAMB, NABTEB, NDA 
examinations. 

In fact, a renowned Nigerian physics author and prolific writer of a great many 
science textbooks, G.O. Ewelukwa, affirm that, “...over 70% of the physics questions are 
mathematical problems.. .” In other words, it is almost impossible for any student to pass 
any physics examination if he or she does not have a good grasp of calculations in 
physics. Therefore, ALL-INCLUSIVE CALCULATIONS IN PHYSICS is highly 
recommended to all physics students and teachers of physics in all senior secondary 
schools. 

The author accepts responsibility for any error and encourages both students and 
teachers to write to the author if any mistake is detected. Suggestions for improvement of 
this book are welcomed and will be duly acknowledged m subsequent editions or reprints. 

To all who contributed in making this book a success, I say, thank you and God 


bless you abundantly. 


The author would like to duly acknowledge and profoundly thank the 
West African Examinations Council (WAEC), the National Examinations Council 
(N ECO) and the Joint Admissions and Matriculation Board (JAMB) for using their past 

physics questions. 


Solomon Dauda Yakwo 



TO THE PHYSICS STUDENT 


I wrote this book for you with the understanding that you may be facing o 
more of the following challenges as a physics student. 

*• W,li,e you accept the fact that physics is very relevant to your future c* , y 
just don’t like or understand the too many calculations involved in almost every cone p 
in physics. 

2- You are among the thousands of Nigerian physics student who have no physics 
teacher in their school. 

3. Due to laziness or incompetence, your physics teacher only concentrates on 
theoretical aspects of physics and partially or completely ignores the calculation 
problems. 


4. After reading or been taught a topic or concept, you are always not sure if you 
have adequately prepare to solve any calculation question on that topic/concept that may 
come up in the future in any of these exams; WAEC, NECO, JAMB, NABTEB or NDA. 

5. You are preparing for post-JAMB test or undergoing a preliminary or pre-degree 
physics course in a university, polytechnic or college of education, and know that you still 
do not have the competence and confidence in solving physics calculation problems. 

Congratulations! The book you are holding will help you overcome one or more 
of the challenges you are facing. Read the preface if you have not done so. If you adhere 
strictly to the following suggestions it will go a long way in increasing your ability, 
confidence and speed when solving calculation problems in physics. 

(i) Because this book deals with calculations, I strongly advise you to have and use a 
scientific calculator, preferably the Porpo * scientific calculator. Please read the manual 
again and again until you can efficiently and effectively use the calculator to solve 
problems without delay or mistakes. From my experience as a teacher, the Porpo * 
scientific calculator is the cheapest, most advanced and easy to use calculator best suited 
for senior secondary school students and even tertiary students. 


(ii) Most questions and examples in this book are objective questions. The only 
difference between objective and essay question is that in objective questions, you are 
NOT required to show how you obtained your answers. It is absolutely unnecessary and 
will not fetch you any mark, hi fact, you are allowed to use any shortcut method (and 
should devise various shortcut methods peculiar to you) because the examiner is ONLY 
interested in your answers. On the other hand, an essay question requires you to show in 
every detail how you arrived at your answers. This involves you stating the formula or 
equation to be used and showing how you carried out the substitution and calculations. It 
is very important for you to show ALL your workings or else you will lose a lot of marks. 


(in) This book deals mainly with calculations in physics and should be used in 
combination with other major textbooks that concentrate more on the theory of physics. 
Apart from M. Nelkon’s Principle of Physics and A.F. Abbott’s Physics, I recommend 
any of these textbooks written by great Nigerian authors: Senior Secondary Physics SSS 
1.2&3 by B.L.N. Ndupu, P.N. Okeke and O.A. Ladipo; New School Physics for Senior 
Secondary Schools by M.W. Anyakoha and Senior Secondary Physics by P.N. Okeke and 
M.W. Anyakoha. 


(iv) If you find out any mistake in this book or have a suggestion on how any 
calculation method can be improved, please feel free and write to me. I will be extremely 
glad to read from you and will duly acknowledge you in subsequent edition or reprint. 


xiv 












1 

SPEED, VELOCITY AND ACCELERATION 

SPEED 

Speed is defined as the rate of change of distance with time. 

Average < p »nri - distancc _ change in distance _ s 
time change in time t 

final distance - initial distance _ s 
final time -initial time 1 

1 he S I. unit for speed is m/s. 

Example 1 

A student walks a distance of 3km in 20 minutes. Calculate his average speed. 

Solution 

Average speed = d lfitance . 3km _ 3 x1000m _ 2 5m/s 
time 20min 20 x 60s 

Example 2 

A driver traveling at a speed of 1 15km/hr received a text message on his mobile phone. 
How far is he, in kilometers, 20s later from when he received the text? 

Solution 

speed = I 1 5km/hr; time,t = 20s, (20* /?/■) distance^ = V 

. . 115km 20hr 2300 _ 

Distance - speed x time = x = = 0.639km 

hr 3600 3600 


VELOCITY 

Velocity is defined as the rate of change of distance moved with time in a specified 
direction. It is also defined as the rate of change of displacement with time. 
Displacement means distance traveled in a specified direction. 

displacement change in displacement 

velocity = : = ; : — : 

time change in time 

final displacement - initial displacement 
final time - initial time 

However speed is used in place of velocity and vice versa. The S.I unit for velocity is m/s. 

RECTILINEAR ACCELERATION 

The term rectilinear acceleration means the rate of increase of velocity along a straight- 
line path in a unit time. When the velocity of an object changes it could be said to 
accelerate or decelerate. Acceleration is defined as the increasing rate of change of 
velocity with time. Deceleration on the other hand is defined as the decreasing rate of 
change of velocity with time. 

Deceleration is also called retardation or negative acceleration. 

Change in velocity 

Acceleration (Deceleration) = Time laken for change 

_ Final velocity - Initial velocity 
Final time - Initial time 


1 



Equations of Uniformly Accelerated Motion 

Equations of motion for a body traveling a on b 
acceleration are derived as follows. 


straight line with uniform 


accelerate at a m/s 2 , after a particular time, t sec, it will obtain a ina ve oci y 
The acceleration, a, will be defined by 


a _ Change in velocity 
Time interval 

a _ Final velocity - Initial velocity 
Time interval 

Substituting letters for words we have, 

v- u 

a 

t 

Cross-multiplying we have, 

v-u = at 

Rearranging, 

v = u + at (1) 

This is the first equation of motion. 


Second equation of m otion : 

The second equation of motion can be derived if we consider that a body moving with 
uniform or constant acceleration must have had an initial velocity u , before attaining a 
final velocity, v. 

Therefore the average velocity is equal to the sum of the initial velocity, u and the 
final velocity, v divided by two. 

Thus, Average velocity = U * V 

Substituting the first equation of motion, v = u + at into the above we obtain, 
w + u + at 

Average velocity = 

_ 2u + at 
” 2 ~ 

- 2 “ + a i 

= u + y 2 at 

, displacement (distance) s 

Average velocity = ; - 

time , t 

pu + ^at 

Cross multiplying, 

s = t(u + y 2 at) 

s = ut + ^at 2 ^ 

This is second equation of motion. 


Third equation of motion: 

A combination of first and second equation of motion yields the third equation of motion 
as follows: 

Square both sides of first equation of motion, v = u + at 


2 



(v) 2 = (u + at) 2 
v 2 = (u + at)(u + at) 
v 2 = u 2 + uat + aa/ + (a/) 2 
v 2 = w 2 + + a 2 / 2 

Factor out 2a from the last two terms of the right hand side of the above equation. 

v 2 = u 2 + — (2 uat + a 2 t 2 ) 

2a v ' 

2 2 ^ 0 / 2 uat a 2 t 2 ^ 

v 2 =w 2 + 2d + 

^ 2a 2a J 
v 2 = u 2 + 2 a(ut + y 2 at 2 ) 

Substituting the second equation of motion s = ut + / 2 at 2 into the above, we ob^in 

v 2 = u 1 + las (3) 

This is the third equation of motion. 

The three equations of motion with uniform acceleration are: 

1 . v = u + at 

2. s = ut + '/ 2 at 2 

3. v 2 = u 2 + 2as 

Where u = initial velocity in m/s or ms" 1 
v = final velocity in m/s or ms" 1 
t = time in sec 
s = distance in m 

a = uniform acceleration/deceleration in m/s 2 or ms" 2 
AL WA YS REMEMBER: 

1 . When an object moves or accelerates from rest , its initial velocity, u = 0. 

2. When a body comes to rest or stops , its final velocity, v = 0. 

3. When a body’s velocity is constant or not changing , its acceleration, a = 0. 


Problem Solving Using Equation Of Motion 

Example 3 

A particle accelerates uniformly from rest at 6.0m/s for 8s and then decelerates 
uniformly to rest in the next 5s. Determine the magnitude of the deceleration. WAEC 2005 
Solution 

You are to calculate the particle’s deceleration. It decelerated to rest from a particular 
velocity which was attained during acceleration. So, you are to calculate the velocity 
attained as follows: 

Initial velocity, u = 0; acceleration, a = 6m/s^; t = 8s; velocity attained, v = ? 
Substituting into the most appropriate equation, v = u + at 
v = 0 + 6x8 

. v = 48 m/s v 

Next the particle decelerated to rest from a velocity of 48m/s, therefore, the deceleration 
is calculated thus: 

Initial velocity, u = 48m/s; final velocity, v = 0; time, t = 5s; deceleration, a = ? 
Substituting into the most appropriate equation, 
v = u + at 
0=48+a x5 

0 = 48 + 50 
- 50-48 


3 



- 5a = 48 a - 9.6ms 

5 5 


Example 4 

A body accelerates uniformly from rest at the rate of 3ms 
covered by the body during acceleration. 

Solution 


for 8s. Calculate the distance 

WAEC1992 


Using appropriate symbols deduce, the known and unknown from the questio 
Acceleration, a = 3m/s 2 ; initial velocity, u = 0; time, t = 8s; distance, s - 

Therefore the most appropriate equation that includes a, u, t and s is t e secon -i 


of motion: 


s = ut + >^at 2 
Substituting: 

s = Ox8 + )^x3x8 2 


= 0 + )^x3x64 


= 96 m 


Example 5 , 

Starting from rest, a Formular One car accelerates uniformly at 25m/s‘ for 30s. What 
distance does it cover in the 

(i) last one second of motion. 

(ii) seventeenth second of motion. 

Solution 

The distance in the last one second of motion is the distance it covered between time 
interval of the 29 lh and 30 ,h second. It is calculated by subtracting the distance in the 29 l 
sec from that of the 30 ,h sec. 

Distance, s = S 30 - S 29 

But, S 30 = ut + / 2 al] 0 and S 29 = ut + Xat 29 

Starting from rest, initial velocity, u = 0. Therefore, ut = 0 in each case 
s = Xat3 0 -Xat 2 9 

~ X ^30 “ t 2 9) 

From the question, acceleration, a = 25m/s 2 ; t 30 = 30s; t 2 9 = 29s. So substituting into 

above equation: 

s = !4 X 25(30 2 - 29 2 ) 

= 12.5 (900-841) 

= 12.5(59) 

= 737.50m. 

(ii) From question acceleration, a = 25m/s 2 ; initial velocity, u = 0; time, t is not equal 
to 17s because the 17 second is actually the time interval between the 16 lh and 17 th 
second, therefore time, t = tp - ti6. 

Substituting into s = X a (^7 -t, 2 6 ) 
s = 1/2 X 25(17 2 -16 2 ) 

- 12.5 (289-256) 

= 12.5 X 33 
= 412.5m. 

Note: In calculating distance between time intervals, the second equation of motion, 
s = ut + >^ a t 2 i s modified to s-)£a(t 2 -t 2 ), where initial velocity u = 0, t 2 and ^ are the 
time intervals. 


4 



A body uniformly accelerates from rest at 8m/s . In h° w muC 
distance of 2.5km? 

Solution 

Acceleration, a = 8m/s 2 ; initial velocity, u = 0; 

distance, s = 2.5km = 2.5 XI 000m = 2500m; time, t = ? ^ 

Substituting into the most appropriate equation, s = ut + ^ at 

2500 = 0 + >'x8xt 2 
2500 = 4t 2 

f =^* = 625 

4 

t=V625 =25s 


will the body travel a 


Example 7 2 

A particle starts from rest and moves with a uniform acceleration of 4m/s What is l s 
velocity after covering a distance of 8m. 

Solution _ 

Initial velocity, u = 0; acceleration, a = 4m/s 2 ; distance, s = 8m; final velocity, v - ? 

The equation containing u, a, s, and v is the 3 rd equation of motion, v = u + 2as. 
Substituting in to most appropriate equation, 
v 2 =0 + 2x4x8 
v 2 =64 

v =V64=8m/s 


Example 8 

A motorist, travelling at 120km/hr sees a broken down truck at the middle of the road and 
immediately applies his brakes and comes to a stop with uniform retardation in 20s. 
What distance does the car travel after the brakes were applied? 

Solution 


Convert 1 20km/hr to m/s: 
Initial velocity, u = 33.33m/s; 


120x1000 m 

1 20km/hr = 

60 x 60s 

final velocity, v = 0; 


33.33m/s 
time, t = 20s. 


The retardation, a, must first be found using v = u + at 


v- u 

Reterdation, a = — - 


0-33.33 

20 


1.67m/s 2 


Then any of the other two equations of motion can be used to calculate distance 
(i) s = ut + X atJ 

= 33.33 x 20 + l /i(— 1 -67) X 20 2 
= 666.6 -’/iX 1.67 X400 
= 666.6 - 334 


(ii) 


= 332.60m 
v 2 = u 2 + 2as 


or 


2 a 


_ 0-Q212? = - 1110 -jg. = 332.60m 
S " 2 x (-1.67) -3.34 
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A body which is uniformly retarded comes to rest in 5s a er tfECO 2002 

What is its initial velocity? 

Solution ? 

Final velocity, v = 0; time, t = 5s; distance, s = 10m; initial velocity, u 

Did you notice that acceleration or deceleration is not given? Therefore, there ^ & 

equation of motion that can be applied because all the 3 equations of motion has 
deceleration/acceleration. A combination of two equations will do. 

The deceleration, a, is not given and must first be determined in order to ealeu a 
initial velocity. Substituting into v = u + at 
v- u 0 - u 


Substituting this deceleration,-^- into the third equation, v 2 = u 2 + 2as 


u 2 = 0 — 2 x I — | x 1 0 

i 5 ; 

2 -2x-uxl0 


u 4u 

— = — dividing by u 
u u 


However, this type of question can be solved more easily using graphical method. See 
example 15 (Graphical solutions). 


Instantaneous Speed/Velocity and Instantaneous Acceleration. 

Apart from being average, uniform or non-uniform, the speed, velocity and 
acceleration of objects could also be instantaneous, that is, at particular point or instant in 
time. 

Instantaneous speed/velocity. This is defined as the actual speed/ velocity of an 
object at any particular point in time. The speedometer of a moving car gives the 
instantaneous speed/velocity of that car at any moment in time. 

Instantaneous velocity at a given instant t is the final, limiting value approached 
by the average velocity when the average velocity is calculated for a smaller and smaller 
range of time intervals that includes the instant t. Mathematically, instantaneous speed or 
velocity is written as; 

.. As ds 
V = lim — = — 

At-»oA t dt 

The instantaneous speed at a particular instant has the same value as the average 
speed provided two conditions are met: 


6 


• 



2 nl PartiC "l ar inStant must ^eluded in At. 

rat, ° a7 must cover a very small part of the distance- time curve that is nearly a 
straight line segment. 


velocity I with ntaneOI,S acce,eration at a given Aslant t is defined as the rate of change of 
instant *■ kjt , tlme ^ Unn 6 311 infinitesimally small interval of time that include the desired 
instant t. Mathematical this is written as; 


Av dv 
a= lim — = — 
At dt 


unple 10 

motion if the stantaneou s velocity at 7s of a rocket undergoing uniformly accelerated 
so.u«;„ ncposmonis ^‘>y s — + 1 2t 2 , where s is in m and t is in seconds. 

distance/disnla^^ ca ^ cuJ os, we know that speed/velocity is 
‘‘/displacement is differentiated with respect to time. 


obtained when 


If 

Then 


y = x 

dy 


dx 


= nx 11-1 


Also, the denvative of a constant is zero. 
Therefore, differentiating s = St + 12t 2 


We obtain instantaneous velocity. 


ds 

5F = 5t>-> + 2(12^->) = 5f° + 24t* 


= 5 + 24 1 


for t = 7s, 


ds 

^=5 + 24X7 


= 173ms' 1 


Example 1 1 

The velocity y of a space shuttle in 
instantaneous acceleration at t = 9s. 

Solution 


a time t is given by v 


= 25 + 3t 2 . Find the 


When velocity is differentiated with respect to time, acceleration ic 
Differentiating v = 25 + 3 1 2 


obtained. 


dv 


We obtain instantaneous acceleration, — = 0 + 2(3£ 2 "*) 


•• for t = 9s, 


= 6t 


dv 

dt ~ 6 x 9 = 5 4 m/s 
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Graphical Solution To Problems In Rectilinear Acceleration 

, ■ , . I,, „«d to solve problem: 


Velocity time (v - t) graph 


acceleration and could 


1 used to solve problems tn Rectt.tnear 

commonly used^t P velocity is 


i • cc . P U<>n>>C 


increasing, decreasing or constant. 

The following are various v - t graphs: 


Velocity 
m/s a 


Time (s) 

Fig. 1.1: Velocity-Time Graph For An Object Moving With Constant Velocity 
The graph AB is drawn parallel to the time axis. 



Fig.1.2 Velocity-Time Graph For An Object Accelerating F rom Rest 

The graph OA begins from the origin. The slope of line OA gives the acceleration of 

the obiect. 

3. 



Fig 1.3 Velocity-Time graph for an object decelerating to rest. 

The slope OR gives the deceleration or retardation of the object 


Example 12 

A body moving with uniform acceleration, a, has two points (5, 15) and (20, 60) on the 
velocity - time graph of its motion. Calculate a. WAEC 1991 

Solution 

On a velocity - time graph, the uniform acceleration, a, is equal to the gradient (slope) of 
the graph. 

From question, first point is (5, 1 5), equivalent to (x u yO 

Second point is (20, 60), equivalent to (x 2 , y 2 ) 

The two points are plotted below 
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The slope of AB = a = -^ = y 2 ~ Yi 


Ax x 2 
60-15 
20-5 “ 


-x, 

45 

— = 3. 00 ms 2 


Example 13 

A car runs at a constant speed of 1 5m/s for 300s and then accelerates uniformly to a speed 
of 25m/s over a period of 20s. This speed is maintained for 300s before the car is brought 
to rest with uniform deceleration in 30s. Draw a velocity - time graph to represent the 
joumey described above. From the graph find 

(i) The acceleration while the velocity changes from 1 5m/s to 25m/s. 

(ii) The total distance travelled in the time described. 

(iii) The average speed over the time described. A F ABBOT (J.M.B.) 

Solution 

" ...Constant speed of 15 m/s... ", is represented by AB drawn parallel to the time axis. 

“. . .for 300s... ", is represented by OH. 

"... accelerates uniformly to a speed of 25m/s... " is shown by BC. "... over a period of 
20s... ”, by HG. 

"...Speed (2 5 m/s) is maintained... ", signifies constant or uniform speed/velocity and is 
therefore represented by CD drawn parallel to the time axis; *\ . maintained for 300s. " 
is presented by GF. 

".. brought to rest with uniform deceleration... ", is represented by downward sloping DE 
and FE represents the time (30s) for deceleration. 



Fig. 1.5 

(i) The acceleration, a is equal to the slope or gradient of BC. 
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a | ^ CJ 25-15 = „L2 = K = O.SnVs 2 

Acceleraton, a = slopeBC = -gj = j^O-ToO 20 

(ii) In a v-t graph, the total distance is equal to the aiea under th 
Total distance travelled is equal to area OABCD 
Area OABCDE = ABHO + BCGH + CDFG + DEF 

Area ABHO = Distance covered during constant speed of 15m/s or . , 

Area BCGH = Distance covered during acceleration or velocity change rom 
to 25m/s. 

Area CDFG = Distance covered during when speed (25m/s) is maintain 
Area DEF = Distance covered during uniform deceleration in 30 seconds 

Total distance = OABCDE = ABHO + BCGH + CDFG + DEF 

= AB x BH + >/ 2 (BH + CG)HG + (CD x DF) + 7 2 (FE X DF) 

= 300 X 15 + '/ 2 (I5 + 25)20 + 300 X 25 + l / 2 (30 X 25) 

= 4500 + 400 + 7500 + 375 
= 12775m 

/ \ a . Total distancetravelled 12775 

(in) Averagespeed = = = 1 9.65m/s 

Total time taken 650 


Note: Time taken is obtained from the graph, represented on the time axis by OE. 

Example 14 

A car starts from rest at a check point A and comes to rest at the next check point B, 6km 
away, in 3 minutes. It has first, a uniform acceleration for 40s, then a constant speed and 
is brought to rest with a uniform retardation after 20s. Sketch a velocity - time graph of 
the motion. Determine 

(i) the maximum speed (ii) the retardation NECO 2003 

Solution 

Convert all units to S I. units. 

6km = 6 X 1000 = 6000m 
3mins = 3 X 60s = 180s 

The v - t graph is drawn as shown below. 



parallel sides of the trapezium; which of course is equivalent to DF or CE. 
Total distance, 6000m = Area of trapezium ADCB 


6000 = */ 2 (AB + DC) S 
6000 = ‘/ 2 (180 + 120) S 
6000 = 72(300) S 
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6000= 150S 


s 


6000 

150 


= 40ms~' 


(ii) Retardation, a, is equal to the slope of CB 

, a = gU- 4°-0 E J0— W 

EB 160-180 -20 

. Retardation = 2m/s 2 


example is 2 ft hich the 

a) A body at rest is given an initial uniform acceleration of 8.0m s for 30s a attained 

acceleration is reduced to 5.0m/s 2 for the next 20s. The body maintains ne pe ^ 

for 60s after which it is brought to rest in 20s. Draw the velocity m 

motion using the information given above. 

b) Using the graph, calculate the: 

i. maximum speed attained during the motion; 

ii. average retardation as the body is being brought to rest, 

iii. total distance travelled during the first 50s; 

iv. average speed during the same interval as in (iii). 

Solution 

The* velocity attained during acceleration (8.0m/s 2 for 30s) is calculated 

follows: initial velocity, u = 0, acceleration, a=8m/s 2 ; time, t=30s 

Sunbstituting into v = u + at 

v = 0+30x8 = 240m/s 



started ff om £ st , . . the acceleration is reduced to 5mJs 2 for the next 20s...". This 

signifies diSrationtretardation of »er«fo re the gn.pl, BC slopes downward. 

The velocity attained after this retardation is found as follows: 

retardation begins from a speed of 240m/s taiti.t verity. « ■ 2«mts 

Retardation is negative acceleration •• Retardation, a 5m/s 


The 
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Time, t = 20s 


Time for deceleration is 20s 
So, final velocity (speed) is v = u + at 

v = 240 + (-5X20) 

= 240-100= 140m/s. 

Next the graph (CD) is drawn parallel to the time axis to represent the period (60s) during 
which the body maintained the speed of I40m/s. 

Finally , the graph (DE) slopes downward as the body retards to rest. 

b) i. As shown in the graph the maximum speed attained is 240m/s. 

li. Average retardation = slope of DE = l40 ~ ° = — = 7m/s : 

110-130 20 

tii. Total distance during first 50s = Area of OBCG = Area of triangle OBH + 

Area of trapezium BCGH. 


Distance = >/ 2 OH X BH + l / 2 (BH + CG) GH 

= 7 2 X 30 X 240 + !/ 2 [(240 + 140)] 20 
= 3600 + 3800 
= 7400m 


(iv) 


Average speed = 


total distance covered in 50s 
total time taken 


7400 

50 


= 148m/s 


Example 16 

If a car starts from rest and moves with a uniform acceleration of 10m/s 2 for ten seconds, 
the distance it covers in the last one second of its motion is JAMB 1985 

Solution 

Initial velocity, u = 0; acceleration, a = 10m/s 2 ; time, t=10s 

Final velocity, v =u+ at 

v = 04- 10x10 = lOOm/s 

The graph is drawn as shown below. 



Fig. 1.8 

The last one second of motion is the time between the 9 th and the 10 th second. Therefore 
the distance covered in the last one second of motion is. 

=Distance in the 10 th sec - Distance in the 9 sec. 
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=Area of triangle OBC - Area of triangle OED 

=, /2 X QC X BC A XODXDf 

='/2 X 10 X 100 '/, X 9 X 90 

=500 - 405 
= 95m. 

Example 17 

A body which is uniformly retarded comes to rest in 5s after travelling a distance of 10m 
What is its initial velocity? NECO 2002 

Solution 



The graph is drawn as shown above. The area of the graph is equal to the distance, 10m 
Initial velocity is equal to the height of triangle OAB, which is length OA 
Area of OAB = 10 

A X OB X OA = 10 

l / 2 x 5 X0A= 10 

20 , 

OA = — = 4 ms 
5 

Motion Under Gravity: Gravitational Acceleration 

When an object is thrown upwards or released from a height, its motion is 
governed or affected by gravity. An object thrown upwards experiences a negative 
acceleration (-g) because its motion is in opposite direction to the gravitational pull of the 
earth. On the other hand, when an object falls downwards or is released from a height, it 
experiences positive acceleration (+g) because its motion is in the same direction as that 
of the gravitational attraction of the earth. 

Equations of motion for gravitational acceleration are derived from the equations 
of motion for rectilinear acceleration: 
v = u ♦ at 

s = ut + X a ' 2 

v 2 = u 2 4- 2as 

1. For a body thrown upwards, the following equations apply. 

v = u-gt 

h = ut -^gt 2 
v 2 =u 2 - 2gh 

2. For a body falling downwards or released from a height the following equations apply. 

v = u+gt 

h=Ut+Kgt 2 
v 2 = u 2 + 2gh 
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Where v = final velocity in m/s 

u = initial velocity in m/s 
h = height in m 

t = time in s . 2 

g = acceleration due to gravity in m s 

Always remember: .. , . , . v = 0 

1 . When an object is thrown upwards, its final velocity, ai its . mgm— ’ • -q 

2. When an object falls downward or is released from a heig t, itb ini * down 

3 The time it takes an object to travel upwards is the same time it ta es o 


Example 18 , f f u e 

At exactly 2hr:00min:00sec a pendulum bob is thrown vertically upwards 
ground with an initial velocity of 75m/s. At what time will the bob return to t ie grou 
(Take g=10m/s 2 ) 

Solution 

Initial velocity, u = 75m/s; g=10m/s 2 ; final velocity, v = 0; time, t=? 

The equation containing all the known and the unknown items is v = u - gt 
Substituting: 

0 = 75- lOx t 

lOt = 75 

75 ^ c 

t = — - 7.5s 
10 

The time, t = 7.5s is the time taken to go upwards which is the same time it takes to come 
down. Therefore time taken to return to the ground from the moment of throw is, 

(7.5 + 7.5)s = 15s. 

Time of return will be 2hr:00min:15sec 


Example 19 

Calculate the maximum height a ball of mass 1.2kg will attain if projected vertically 
upward with an initial velocity of 17m/s. 

Solution 

Initial velocity, u = 17m/s; final velocity, v = 0, g=10m/s 2 ; h=? 

The mass of the ball is not required. 

Substitute into v 2 = u - 2gh 

0 = 17 2 - 2xl0x h 

20h = 17 2 
, 289 

h = = 14.45m 

20 


Example 20 

An object falls freely from a height of 25m onto the roof of a building 5m high. Calculate 
the velocity with which the object strikes the roof. WAEC 1997 

Solution 

Initial velocity, u = 0; g=10m/s 2 ; h=20 i.e.(25 - 5), because the object does not reach 
the ground instead it fell on a 5m high roof. 

Substituting into v 2 = u 2 + 2gh 

v 2 = 0 2 +2x10x20 
v 2 = 400 

v = -J40Q = 20m/s 
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Example 21 u ht f 

A carpenter working at a construction site mistakenly drops his hammer from a leigi o 

125m. How long does it take to reach the ground? 

Solution 

Initial velocity, u = 0; g=10m/s 2 ; height, h=l 25m; time, t=? 

Substituting into h = ut-\- / 2 gi 2 

125 = 0 + j^xlOxt 2 
125 = 5t 2 



t = V25 = 5s 


EXERCISE I 

1- A boy cycles continuously through a distance of 1.0km in 5 minutes. Calculate his 
average speed. WAEC 1995 Ans: 3.33m/s 

2. An air force jet flying with a speed of 335m/s went past an anti aircraft gun. How far is 
the aircraft 5s later when the gun was fired. 

A. 838m B. 3350m C. 670m D. 1675m E. 67m JAMB 1978 Ans: 1675m 

3. A car travels with a constant velocity of 45 km/hr for 20s. What distance does it cover 

in this time? NECO 2005 Ans: 250m 

4 . A body starts from rest and accelerates uniformly at 5m/s 2 until it attains a velocity of 
25m/s. Calculate the time taken to attain this velocity. WAEC 2005 Ans: 5s 

5. A train has an initial velocity of 44m/s and an acceleration of -4m/s 2 . Its velocity after 
10 sec is A. 2m/s B. 4m/s C. 8m/s D. 12m/s E. 16m/s 

JAMB 1983 Ans: 4m/s 

6. If a car starts from rest and moves with a uniform acceleration of 10m/s 2 for ten 
seconds, the distance it covers in the last one second of motion is 

A. 95m B. 100m C. 500m D. 905m E. 1000m JAMB 1985 Ans: 95m 

7. A body starts from rest and moves with uniform acceleration of 6m/s 2 . What distance 
does it cover in the third second? 

A.15m B. 18m C. 27m D. 30m JAMB 1992 Ans: 15m 

8. A body accelerates uniformly from rest at the rate of 3m/s 2 for 8s. Calculate the 

distance covered by the body during acceleration. WAEC 1992 Ans: 96m 

9. A particle starts from rest and moves with a constant acceleration of 0.5m/s 2 . Calculate 
the time taken by the particle to cover a distance of 25m. WAEC 1993 Ans: lOsec 

10. How far will a body move in 4 seconds if uniformly accelerated from rest at the rate 

of2ms‘ 2 . WAEC 1993 Ans: 16m 

11 . A car takes off from rest and covers a distance of 80m on a straight road in 10s. 

Calculate the magnitude of its acceleration. WAEC 2002 Ans: 1 .6m/s 2 

12^ A bus travelling at 15m/s accelerates uniformly at 4m/s 2 . What is the distance 
^eovered in 1 0s? WAEC 2000 Ans: 350m 

13. A body starts from rest and accelerates uniformly at 5ms‘ 2 . Calculate the time taken 

by the body to cover a distance of 1 km. WAEC 2005 Ans: 20 secs 

14 . A particle starts from rest and moves with a constant acceleration of 0.5m/s 2 . The 
distance covered by the particle in 10s is 

A. 2.5m B. 5.0m C. 25.0m D. 50.0m JAMB 1990 Ans: 25m 
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15. A body accelerates uniformly from res. a. 2mV’ Ca,C ' ' y 955 ^.^6^ ' ' 

16. A boy moving with a velocity of 3m/s is brought .0 rest by * • constant force after 

travelling 1 5m. Calculate the re.ardanon NECO 2000 Ans: 0.3m/s 

17. A car moving with a speed of 90km/hr was brought to rest by the application of the 
brakes in 10s. How far did the car travel after the brakes were applied. 

A. 125m B. 150m C. 250m D. 15km JAMB 1990 Ans: 125m 

18. An aeroplane lands on a runway at a speed of l80km/hr and is brought to a slop 

uniformly in 30 seconds. What distance does it cover on the runway before coming to 
rest? A 360m B. 540m C. 750m D. 957m JAMB 1993 Ans. 750m 

19. Two points on a velocity time graph have coordinates (5s, 10ms ) and (20s, 20ms ). 


Calculate the mean acceleration between the two points. 2 

A. 0.67ms' 2 B. 0.83ms' 2 C. 1.50ms' 2 D.2.00ms' 2 JAMB1989 Ans:0.67ms^ 

20. A motor vehicle is brought to rest from a speed of 1 5ms 1 in 20 seconds. Calculate 

the retardation. 2 

A. 0.75ms' 2 B. 1.33ms' 2 C. 5.00ms' 2 D 7.50ms' 2 JAMB 1 994 Ans:0.75m/s 2 

21. A particle moving in a straight line with uniform deceleration has a velocity of 40m/s 
at a point P, 20m/s at a point Q and comes to rest at a point R where QR=50m. 

Calculate the: (i) distance PQ; (ii) time taken to cover PQ; (lii) time taken to cover PR. 

WAEC1990 Ans: (l) 150m; (ii) 5s (in) 10s 


22 . 


V(ms ') 



The diagram above (Fig. 1.10) represents the velocity - time graph of a body in motion. 

The total distance travelled by the body is 195m Calculate the acceleration of the body 
in section OP of the graph. WAEC 1994 Ans: 2.5m/s 2 

23. The diagram below(Fig. 1.11) illustrates the velocity -time graph of the motion of a 
body. Calculate the total distance covered by the body. WAEC 1996 Ans: 225m 


V(m/s) 



24. The diagram below (Fig. 1.12) represents a velocity - time graph. Determine the 
distance covered in the first 20s. WAEC 2005 Ans: 60ni 
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V(m/s ') 



25. The figure below (Fig. 1,13) shows the velocity time graph of a car which starts 
irom rest and is accelerated uniformly at the rate of 3m/s 2 for 5 seconds. It attains a 
\< >city which is maintained for 1 minute. The car is then brought to rest by a uniform 
retardation after another 3 seconds. Calculate the total distance covered. 

A. 900mcters 13. 1 920mctcrs C.1020melers D.960mctcrs E.860mctcrs 

JAMB 1 ( J7<) Ans: 960m 


V(m/s) 



26. A ball is dropped from a height of 45m above the ground. Calculate the velocity of 

the ball just before it strikes the ground. WAEC 1994 Ans:30ms 1 

27. An orange is dropped from a height of 100m above the ground level. Calculate the 
velocity of the orange just before it strikes the ground. WAEC 2005 Ans 44.7ms' 1 

28. The graph below(Fig. 1.14) describes the motion of a particle. The acceleration of the 
particle during the motion is A. 0.00ms 2 B. 0.25ms' 2 C.4.00ms' 2 D. 8.00ms' : E. 10.00ms' 2 

JAMB 1985 Ans: 4.00ms' 2 



30. A ball is thrown vertically upwards from the ground with an initial velocity of 
50m/s. What is the total time spent by the ball in the air? WAEC 1991 Ans: 10s 

31. A stone is projected vertically upward with a velocity of 20ms' 1 . Two seconds later a 
second stone is similarly projected with the same velocity. When the two stones meet, 
the second one is rising at a velocity of 1 0ms' 1 . Neglecting air resistance, calculate the (i) 
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length of time the second stone is in motion before they meet, (ii) Vel y 
stone when they meet. (Take g=10m/s 2 ) WAEC 1998 Ans: (i) I s. £ 

32. A ball bearing is projected vertically upwards from the groun 1 . 2 , 

15ms' 1 . Calculate the time taken by the ball to return to the ground. [g-lCfrns J 

WAEC 2004 Ans: 3.0s ^ 

33. A stone of mass 0.7kg is projected vertically upwards with a speed of 
Calculate the maximum height reached. [Take g as 10ms 2 and neglect air resistance) 

NECO 2005 Ans: 1.25m 


V(ms‘*) 



34. What is the average velocity of the sprinter whose velocity - time graph is 
shown in the figure Fig. 1.16 above? 

A. 85.0ms* 1 B. 17.0ms* 1 C. 8.5ms* 1 D. 1.7ms" 1 IAMB 1990 Ans: 8m/s 

35. 

Vms * 1 



Fig. 1.17 

The diagram above (Fig. 1.17) shows a velocity- time graph representing the motion of a 
car. Find the total distance covered during the acceleration and retardation periods of the 
motion. A. 75m B. 150m C. 300m D. 375m JAMB 1993 Ans: 75m 

36. A stone is released from a height of 80m above the ground. Calculate its velocity just 

before it strikes the ground. NECO 2003 Ans: 40m/s 

37. A body falls freely under gravity (g=9.8m/s 2 ) from a height of 40m on to the top of a 
platform 0.8m above the ground. It’s velocity on reaching the platform is 

A. 784ms' 1 B. 80ms 1 C. 78.4ms' 1 D. 39.2ms' 1 E. 27.7ms' 1 

JAMB 1981 Ans: 27.7ms 1 

38. The diagram below (Fig. 1.18) shows the velocity-time graph of a vehicle. Its 
acceleration and retardation respectively are. 

A. 8.0 ms' 2 ,4.0 ms 2 B. 4.0 ms' 2 , 8.0 ms' 2 C. 4.0 ms' 2 ,2.0 ms' 2 D. 2.0 ms' 2 , 4.0 ms 2 

JAMB 1999 Ans: 4ms' 2 , 2ms 2 
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ground its velocity is A. 10>/2ms 1 B. C. 100ms' 1 D. 5-v/2ms 


10 , 

—r= ms 

V2 

t. 200ms' 1 JAMB 1 982 Ans: 10 V2ms 1 

40. An orange drops to the ground from the top of a tree 45m tall. How long does it take 

to reach the ground? WAEC 1991 Ans: 3s 

41. An object is released from rest at a height of 25m. Calculate the time it takes to fall 

to the ground. WAEC 2O02Ans:2.24s 

42. A palm fruit dropped to the ground from the top of a tree 45m tall. How long does it 
take to reach the ground? [g=10ms‘ 2 ] 

A. 9s B. 4.5s C. 6s D. 7.5s E. 3s JAMB 1978 Ans: 3s 

43. A stone is dropped from the top of a tower of height 1 1.25m. Calculate the time it 

will take to reach the ground. NECO 2004 Ans: 1 .50s 

44. A small metal ball is thrown vertically upwards from the top of a tower with an initial 
velocity of 20ms* 1 . If the ball took a total of 6 seconds to reach the ground level, 
determine the height of the tower.(g=10ms* 2 

A. 60m B. 80m C. 100ms D. 120m JAMB 1991 Ans: 20m 

45. A piece of stone is projected vertically upwards with a speed of 25ms" 1 . Determine 

€ peed at its highest point reached. WAEC 2005 Ans:0.0m/s 

In free fall, a body of mass 1kg drops from a height of 125m from rest in 5s. How 
j will it take another body of mass 2kg to fall from rest from the same height? 
[g=10ms 2 ] A. 5s B. 10s C. 12s D. 15s JAMB 1998 Ans:5s 

47. A ball thrown vertically upward reaches a maximum height of 50m above the level 
of projection. Calculate the : (i) time taken to reach the maximum height. 

(ii) speed of the throw. WAEC 2001 Ans: (i) 3.16s (ii) 3 1 .6m/ s 


48. A car accelerates uniformly from rest at 5ms 


Determine its speed after 1 0s. 
WAEC 2006 (Ans: 50.0ms' 1 ) 



The diagram above (Fig. 1.19) shows the speed-time graph of a car. If the car covered a 
total distance of 600m in 25s, calculate its maximum speed. WAEC 2006 Ans^Oms' 1 


50. Two particles X and Y starting from rest cover the same distance. The acceleration of 
X is twice that of Y. The ratio of the time taken by X to that taken by Y is? 

A .-/2 B. 2 C. y ri D.V2 E. 4 JAMB 1981 Ans: >^or-y/X 
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, , . 9 above the ground, reaches its 

51. A bullet fired vertically upward from a gun e initial velocity of the bullet, 

maximum height in 4s. Calculate the (i) ma ^' ^ 1 grouid [g=10ms J | 

<") ,otal distance the bullet travelled by the time i Ans; 40tn/s (u) > 62m 

object projected vertically upwards with a 

NECO 2007 Ans :6.0s 


52. What is the total time of flight of an 


speed of 30ms' 1 ? (g=10ms‘ 2 ) 


S3. 


A car starts from rest and accelerates uniformly at a tate of 4 ns. 31 . 62 ms 


Calculate the 


magnitude of its velocity after moving through 100m ‘ ' V. ' -i f 5 lon „ a straight 

54. An object of mass 2kg moves with uniform speed of 10ms for 5s a ^ , 

path. Determine the magnitude of its acceleration. / " vplocitv of v 

55. A body moving with an initial velocity u accelerates until it attains a velocity 
within time t. The distance, s covered by the body is given by the expression 

_(v+2»' '’..'"•I 12 


As - 


56. 


v-u 


B. 5 : 


-) *~Hr) 


WAEC 2007 Ans:C 

A body accelerates uniformly from rest at 2ms 2 . Calculate the magnitude o 

WAEC 2007 Ans: 6.0ms 

is brought to rest in 30s by a constant 


velocity after traveling 9m 

57. A body moving with a velocity of 50ms 

retarding force. Calculate the distance covered by the body. NECO 2008 Ans. ni 

58. A ball is thrown vertically upwards with a speed of 20ms '. Calculate the maximum 

height reached. (g= 10ms 2 ) NECO 2008 Ans. 20. m 

59. A bullet fired vertically upward from a gun held 2.0m above the ground reaches its 
maximum height in 4.0s. Calculate its initial velocity, (g = 10 ms ) 


A. 10 ms’ 1 
60. 

Vms 1 


B. 8 ms’ 1 C. 40 ms’ 1 D. 20 ms' 1 JAMB 2009 8 Ans: C 



The velocity-time graph above represents the motion of a car. Calculate the total distance 
travelled by the car. NECO 2008 Ans: 240 

61 What is the acceleration between two points on a velocity-time graph which has 
coordinates (10 s, 15 ms 1 ) and (20 s, 35 ms 1 )? 

A 1 .75 ms 2 B. 3.50 ms' 2 C. 1 .00 ms' D. 2.00 ms JAMB 2009 Ans: D 

62 A car accelerates uniformly from rest at 4 ms’ 2 . How far will it travel in the fifth 

complete second? - 

A 100m B. 50m C. 32m D. 18m JAMB 2009> Ans: D 

61 A car moves with a speed of 30ms ‘. Calculate the distance travelled in 30s. 

WAEC 20 09 7 Ans: 900m 

64 A body at rest is given an initial acceleration of 6.0ms‘" for 20s after which the 
acceleration is reduced to 4.0ms' 2 for the next 10s. The body maintains the speed attained 

for 30s. , , . p , 

Draw the velocity-time graph of the motion using the information given above. 

From the graph, calculate. 

(i) Maximum speed attained during the motion; 

(ii) Total distance travelled during the first 30s; 

(iii) Average speed during the same time interval as in (ii) above 
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WAEC 2009 E1 1 Ans: (i) 120ms 1 (h) 2200m (iii) 73.33ms 1 
65. An object of mass 2kg moves for 5s with a uniform velocity of 10ms . What is 
the magnitude of its acceleration in ms' 2 ? NECO 2009 4 Ans: 0.0 

67. A car starts from rest and accelerates uniformly for 5s until it attains a velocity of 
30ms It then travels with uniform velocity for 15s before decelerating uniformly to rest 
in 10s. 

(i) Sketch a graph of the motion. 

(ii) Using the graph above, calculate the 

I. acceleration during the first 5s, 

II deceleration during the last 10s, 

III. total distance covered throughout the motion. 

NECO 2009 EI 1 Ans: I. 6ms' 2 II. 3ms‘ 2 III- 675m 
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2 


Friction is force which opposes relative motion between two "V frictional force 

other. Coefficient of static friction, p is defined as the ratio of the limiting frictional 

(F) to the normal reaction (R). 




y 

Block of wood 

X 





Horizontal surface. 

1 

Fig. 2.1 



Coefficient of static friction = p = L = Frictional far, * 

R Normal reaction 


The normal reaction, R is equal to the weight, W of the block i.e. R = W = mg, where m 
is the mass of the block in kg and g is the acceleration due to gravity. 

However, for a block of wood (or any object) sliding down an inclined plane, AB 
as shown below the coefficient of friction is obtained as follows; 



The weight, W, of the block Q acts vertically downwards and can be resolved into 
two components: 

(i) Component y, parallel to the plane: sin 6 = — y-W sin 0 

W 

ii) Component x , perpendicular to the plane: Cos 0~— x cos 0 

W 

To obtain the coefficient of static friction, the angle of inclination of the plane, 
0, is slowly increased until the block just begins to slide down the plane. At this point. 
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ihe parallel component of the weight, Wsin 0 acting downwards along the plane q 
to the limiting frictional force, F(=jxR) acting upwards along the p ane. 

That is, F = Wsin 0 (1) 


or /xR = Wsin 0 

Also, on an inclined plane, the normal reaction R is not equal to the weight, W, 
but to the perpendicular component of the weight, Wcos 0. 

That is R = Wcos 0 (2) 

Combining equations (1 ) and (2), 

The coefficient of friction, u - — = ^ Sm ^ 

R Wcos 6 

, . , ^ _ Odd y W sin 6 

Alternatively, ti = Tan 0 = — — = — = — 

Adj x W cos 6 

The angle of inclination , 0, is called the angle of friction. 


Example 1 

A wooden block of mass 1 .6kg rests on a rough horizontal surface. If the limiting 
frictional force between the block and the surface is 8N, calculate the coefficient of 
friction (g=10m/s 2 ). WAEC 2000 

Solution 


F = 8N 
Fig. 2.3 


R = 16N 


W 


Frictional force, F = 8N; normal reaction, R = W = mg = 1 .6 X 10 = 16N 

^ . F 8N _ . 

Coefficient of friction, u- — = = 0.5 

R 16 N 


Example 2 

Calculate the magnitude of the force required to just move a 20kg object 
horizontal surface if the coefficient of friction is 0.2. 


A.400.0N B.40.0N 


C.4.0N D. 0.4N (g=10ms 2 ) 



A 

i 


1 


•y A Ilf ’ 

9 


JAMB 


along a 
1994 


Solution 

Coefficient of friction, /x = 0.2; normal reaction, R = W = mg=20 X 10 = 200N 
From /j = — , frictional force, F = /xR = 0.2 X 200 = 40N 

A 
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Example 3 

If an object just begins to slide on a surface inclined at 

coefficient of friction is A. V3 R y- C. ' D - 


30° to the horizontal, the 
JAMB 2003 


Solution 

The coefficient of friction for an inclined plane is the tangent 
when an object on the plane just begins to slide. 

Therefore, coefficient of friction = Tan 30 


of the angle of the plane 


From trigonometry, Tan 30 = 


V3 


Example 4 

A horizontal force of 45N applied to a crate of mass 9kg is just sufficient to move it. If 
the crate is now pulled at an angle of 50° to the horizontal, find the force required to move 
the crate over the horizontal surface. (g=10m/s 2 ) 

Solution 

The coefficient of friction, /z is found from the first sentence of the question as follows: 


R = 


F = /xR«- 
Fig. 2.6 


90N 


’ 45N 


W 


Normal reaction, R = W = mg = 9X10 = 90N 
Frictional force, F = 45N; 0 = 50° 

F A5N 

Coefficient of friction, a = — = 0.5 

R 90N 

The second part of the question is represented below. The pulling force, P has been 
resolved into its vertical component (Psin 0) and horizontal component (Pcos 0). 



In such a case as this, the normal reaction, R is not equal to the weight, W. The vertical 
component. mu st also be considered. Therefore, 

W = R + Psin 0 (1) 

At the point in which the crate moves forward, the horizontal component of the pulling 
force, Pcos 0 is equal to the limiting frictional force, F. Therefore, 

F = Pcos 0 

or /zR = Pcos 0 (2) 

Equation 1 and 2 are solved simultaneously to obtain the value of the pulling force, P. 
Substitute the given and calculated values (0 = 50°, W = 90N, F = 45N, fi = 0.5) into 
equation 1 and 2. 
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( 2 ) 


90 l< I Psin 50 
0 5k Pcos 50 
90 = k + 0.766P 


0.5R = 0.643P 
From (2b), 0.5R=0.643P 


0.643/" 

0.5 


1.286/" 


Substitute R = 1 .286P into ( 1 b) 

90 = R + 0.766P 
90 = 1.286P + 0 766P 


90 = 2.052P 


90 

:.P= =43.86N 

2.052 


(I) 


db) 

(2b) 


Example 5 

An object of mass 15kg is at the point of sliding down a plane inclined at 36° to the 
horizontal. Find the least force parallel to the plane required to make the object to begin 
to move up the plane. (g= 1 0in/s 2 ) 

Solution 



From the question; 0 = 36°; m - 1 5kg; g - 10m/s“; W — mg = 1 5 x 10 = 150N. 

For the object to move up the plane, it must overcome the opposing limiting frictional 
force, F and the parallel component of the weight, Wsin0. That is, the upward pulling 
force, P is 

P = Parallel component of weight + Limiting frictional force 
P = Wsin 0 + F 

= Wsin 0 + /xR [F = /xR] 

P = Wsin 0 + /iWcos 0 [R = Wcos 0| 

Coefficient of friction, /x is required to find P 
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. [f _ Wsin d _ 150xsin36 15 0x 0.588 =Q ^ 

Wcos 9 ~ 150xcos 36 _ 150x0.809 

Alternatively, the coefficient of friction, M * s calculated on the taneent of this 

.ncl.nat.on, 0 at the po.nt of sliding is called the angle of fr.ct.on. Ihe tang 
angle of friction gives the coefficient of friction. 

f4 = tan 6 - tan 36 = 0.73 
Substitute into P = Wsin 0 + /iWcos 0 

= 1 50 sin36 + 0.73 X 1 50 X Cos36 
= 150 X 0.588 + 0.73 X 150 X 0.809 
= 88.20 + 88.59 
= 176.79N 


Example 6 . 

A concrete block of mass 25 kg is placed on a wooden plank inclined at an angle oi . - 
the horizontal. Calculate the force parallel to the inclined plane that will keep the bloc at 
rest if the coefficient of friction between the block and the plank is 0.45. 

Solution 

R = W = mg = 25 X 10 = 250N; 0 = 32°; n = 0.45 

As shown in the figure below, the block is under the influence of 2 parallel and opposite 
forces: 



The diagram above can be redrawn as follows: 

(i) Wsin 0, the parallel component of the weight of the block acting dowi^vards along 
the plane. 

Wsin 0 = 250 X s in32 = 250 X 0.53 = 132.48N 

(ii) F (=/tR), the limiting frictional force acting upwards along the plane; 

F = /iR = /xWcos 0 


= 0.45 X 250 X cos32 = 1 12.5 X 0.848 


= 95.41N 
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It becomes obvious that the force required to keep the block at rest is the difference 
between the downward sloping force, Wsin0 (132.48N) and the upward sloping frictional 
force, /iWcosO (95.4 IN); 

132.48- 95.41 = 37.07N 


Example 7 

A body of mass 25kg, moving at 3ms 1 on a rough horizontal floor is brought to rest after 
sliding through a distance of 2.50m on the floor. Calculate the coefficient of sliding 
friction. WAEC2005 


Solution 


R = 250N 


Direction of motion 


♦ 


u =3 m/s 

Wt 



at rest 


V = Om/s 


S - 2.50m 


Fig. 2.10 

The acceleration (in actual sense, deceleration) is calculated first. 
Initial velocity, u = 3m/s; final velocity, v = 0; distance, s = 2.50m. 


Substitute into v 2 = u 2 + 2as 

0 2 = 3 2 + 2 X a X 2.50 
0 = 9 +5a 
5a = -9 

a = — - = - 1 . 8 m .?" 2 
5 . % ( Uoaoi2 


K 


Deceleration ^ 1. 8 jn/s : 


Normal reaction, R = Vpj 
Frictional force, ma; V| 

(deceleration) in m/s 2 

F = ma = 25 X 1.8 --45N, 


oiw- 

■W" 


/ 






rm 

[he» m is mass in kg and a is acceleration 
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Coefficient of sliding friction, 



_il = 0.l8 

250 


Example 8 . . , hne If the body slides down 

The diagram above shows a body resting on an inc ineo \YAEC 1988 

the plane, what will be its acceleration? (g=10m/s ) 



Fig. 2.11 


Solution . . to slide 

As shown in the diagram below, mgsinO is the force that ma es 
downward the plane, though it is opposed by the 25 N frictional orce. 

The resultant force, F = mgsinO - 25N 
where mass, m = 1 5kg; 0 = 30; g = 10m/s _ 

F= 15 X 10 X sin30 - 25 


= 75 - 25 = 50N 


F 50 - /2 

From F = ma, the acceleration a - —— - -> .Sinn s 

m 15 



Two bodies X and Y of masses 5.0kg and 7.5kg, respectively, are connected by a. fig$& 
inextensible string as illustrated in the diagram above. If X is placed on a rough snr&ce of 
coefficient of friction 0.5, calculate the magnitude of the: 

i. Normal reaction on X 

ii. Frictional force between X and the surface, 

iii. Tension in the string (g = 10ms' 2 ) NECO 20G7 EU 




Solution 

i. Normal reaction on X is, R = mg 

= 5X10 = 50N 

ii. Frictional Force, F = /xR 

= 0.5 X 50 = 25N 

iii. For 5kg mass, T -/xR = ma 
Substituting, T - 0.5 X 50 = 5a 

T - 25 = 5a (1) 

For 7.5kg mass, mg T = ma 
Substituting, (m = 7.5kg), 7.5 X 10 - T = 7.5a 

75 - T = 7.5a 


Rearranging - T + 75 = 7.5a (2) 

Equation (1) and (2) are simultaneous equations and can be solved as follows: 
Add equation (1) and (2) 

T - 25 = 5a 

-T + 75 = 7.5a 

0 + 50= 12.5a . 50 = 12.5a 

acceleration , a - - 4 ms~ 2 

12.5 


The tension T is found by substituting a = 4ms' 2 into any of equations (1) and (2). 
Substituting into (1), T - 25 = 5a, we obtain 


T - 25 = 5 X 4 


. T = 20 + 25 = 457V 



The acceleration of the system shown above is 

a. 2ms' 2 b. 4ms' 2 c. 6ms' 2 d. 8ms' 2 JAMB 1995 

Solution 

The equation for the mass on the inclined plane takes into consideration the angle of 
inclination. The parallel component of the mass is mg sin 0. 

For 20kg mass, T - mg sin 0 = ma 

Substituting, T - 20 X 10 X Sin30 = 20a 

T - 100 = 20a (1) 

For 30kg mass, mg - T = ma 
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30 X 10 -T = 30a 
300 - T = 30a 

Rearranging - T +300 = 30a 
Add equations (1) and (2) 

T- 100 = 20a 
- T + 300 = 30a 
0 + 200 = 50a 

200 = 50a 

acceleration , a - = 4 ms~ 2 

50 


Example 11 i f 

A motorcycle of mass 100kg moves round in a circle of radius 10m with a velocity o 
5ms' 1 . Find the coefficient of friction between the road and the tyres. ? ^ n/i 

A. 25.00 B. 2.50 C. 0.50 D. 0.25 (g=10m/s“) JAMB 2u0o 

Solution 

Mass m = 100kg; radius r = 10m; 


velocity v = 5ms 1 , coefficient of friction fi = ? 


When an object of mass m moves with a velocity v, the force at work is the inward acting 

mv 2 

centripetal force (F) given by F = 

r 


F = 


IOQx 5 2 
10 


100x25 

10 


= 2507V 


R = mg = 100 X 10= 1000N 

F 250 

Coefficient of friction, // = — = = 0.25 

R 1000 


EXERCISE 2. 

1. A force of 20N applied parallel to the surface of a horizontal table is just sufficient 
to make a block of mass 4kg move on the table. Calculate the coefficient of friction 
between the block and the table (g=10m/s 2 ). Ans: 0.5 WAEC 1992 

2. A metal block of mass 5kg lies on a rough horizontal platform. If a horizontal force 
of 8N applied to the block through its center of mass just slides the block on the platform, 
then the coefficient of limiting friction between the block and the platform is 

A. 0.16 B. 0.63 C. 0.80 D. 1.60 E. 2.00 Ans:0. 1 6 JAMB 1985 

3. A lOOKg box is pushed along a road with a force of 500N. If the box moves with 
a uniform velocity, the coefficient of friction between the box and the road is 
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A. 0.5 B. 0.4 C.1.0 D. 0.8 Ans: 0.5 JAMB 2004 

4. What is the coefficient of static friction between a load ol mass 2kg and a 
horizontal surface, if the limiting frictional force is ION. Ans: 0.5 NEC O 2000 

5. A block weighing 15N rests on a flat surface and a horizontal force of 3N is 
exerted on it. Determine the frictional force on the block. Ans:3N WAEC 2001 

6. A concrete block of mass 35kg is pulled along a horizontal floor with the aid of a 
rope inclined at an angle of 30° to the horizontal. If the coefficient of friction is 0.75, 
calculate the force required to move the block over the floor. Ans. 21 1 .52N 

CjjJ A body of mass 10kg rests on a rough inclined plane whose angle of tilt 0 is 
variable. 0 is gradually increased until the body starts to slide down the plane at 30 
The coefficient of limiting friction between the body and the plane is? 

A. 0.30 B. 0.50 C. 0.58 D. 0.87 Ans :0.58: JAMB 1990 

8- A force, 10N drags a mass 10kg on a horizontal table with an acceleration of 
0.2m/s . If the acceleration due to gravity is 10m/s 2 , the coefficient of friction between 
the moving mass and the table is? A. 0.02 B. 0.08 C. 0.20 D. 0.80 

\ns:0.0% JAMB 1988 

9. The coefficient of static friction between a 40kg crate and a concrete surface is 
0.25. Find the magnitude of the minimum force needed to keep the crate stationary on the 
concrete base inclined at 45° to the horizontal. 

A. 400N B. 300N C. 283N D. 212N (g - 10ms 1 ) Ans :212 N JAMB 1987 

When a box of mass 45kg is given an initial speed of 5m/s, it slides along a 


10 . 


horizontal floor a distance of 3m before coming to rest. 

What is the coefficient of the kinetic friction between the box and the floor? 


A '/"< 

ii. 


'12 




D 2/ 


Ans: 0.417 or 


T2 


JAMB 1986 



Fig. 2.15 


A body of mass 10kg on a smooth inclined plane is connected over a smooth pulley to a 
mass of 1 5kg as shown (Fig. 1.13). The acceleration of the system is 

A -% 8 B / / 25 g C 'X g Dg E ‘X 8 Ans:2/ 5g JAMB 1982 


12 . 



Fig. 2.16 

A mass of 2kg on a surface ( /v = / 2 ) is connected to a second mass of 4kg over a 
frictionless pulley as shown above. If the acceleration due to gravity is 9.8ms‘ 2 ‘ the 
masses will 
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A Accelerate at 4.9ms' 2 
B Remain stationary 

C. Accelerate at 9.8ms' 2 

D. Accelerate at 19.6ms" 

E. Accelerate at 39.2ms" 


13. An object of mass 80kg is pulled on a 
500N. Find the coefficient of static friction, (g. = 10 m s ) 
A. 0.8 B. 0.4 C. 1.0 D 0.6 


Ans:A JAMB 1981 

honzontal rough ground by a force of 

JAMB 2009" Ans: D 
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ELASTIC PROPERTIES OF SOLIDS 

Hooke s law states that the change in length or extension, e, of an elastic body is directly 
proportional to the applied force or load, F, provided that the elastic limit of the body is 
not exceeded. 

Force a Extension 
F a e 

F = Ke 

where K is the force constant or stiffness constant of the material in Nm 1 . 

F is the force or weight in N. F = mg (m is mass in kg and g is 
acceleration due to gravity in m/s 2 ) 
e is extension or compression of the elastic material in m. 


Young Modulus 

Young Modulus, y is defined as the ratio of tensile stress to tensile strain, 
p _ Tensile stress 
Tensile strain 

Tensile strain is the ratio of the extension of a material to its original length. 


Strain = Change in lenght _ Extension/Compression _ e 
Original lenght Original lenght / 

Tensile strain has no unit. 

Tensile stress is the ratio of the force acting on a material to the cross sectional area of the 
material. 


Stress - 


Force 

Area 


_F 

A 



Therefore Young Modulus, 


r = 


stress 

strain 


The S I unit for y is N/m J 


F/ 

ZA = 

7 / 


IL 

Ae 


Work Done In Springs and Elastic Strings 

If an applied force, F caused an elastic spring of original length, /, to undergo an 
extension or compression, e, then the average force is; 

-£±£ = ±/r 

2 2 

Work done = force X Distance 

= average force X Extension 
= f / 2 x e 

W= ‘AFe or ‘AKe 1 [F=K.e] 

This is the work done by a spring when compressed or extended by a force. 

The energy stored in a spring or string is also given by W = l AFe or 'AKe 2 
The unit of work or energy is Joules, J. 
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Example 1 An object weighing 0.6N is hung on a spiral spring and causes it to ex en y 
6.0cm The object is removed and a block of wood replacing it causes the spring o 
extend by 1 0.0cm. What is the weight of the block of wood? NtCU JUUZ 

Solution 

Applied force, F = 0.60N; Extension, e = 6.0cm = 0.06m 

. r: F 0.60 inxI/ 

. . Force constant, K = — = = 1 0 N/m 

e 0.06 

For e = 10.0cm = 0.1m; and K = lON/m 
Weight of wood, F = Ke = 10 X 0. 1 = 1 .ON 

Example 2 

A load of 5N gives an extension of 0.56cm in a wire which obeys Hooke’s law. What is 
the extension caused by a load of 20N? 

A. 1.1 2cm B. 2.14cm C. 2.24cm D. 2.52cm JAMB 1987 

Solution 

Applied load, F = 5N; Extension, e = 0.56cm 

Force constant, K = — = 5N = 8.93N/cm 
e 0.56cm 

For F = 20N and K = 8.93N/cm 

c # F 20N 

Extension e = — = = 2.24cm 

K 8.93N/cm 


Example 3 

Use the following data to determine the length, L of a wire when a force of 30N is 
applied, assuming Hooke’s law is obeyed. 


Force applied(N) 

0 

5 

10 

30 

Length of wire (mm) 

500.0 

500.5 

501.0 

L 


Solution 

Change in force applied, F = 5 - 0 = 5N 
Change in length, e = 500.5 - 500.0 - 0.5mm 

F 

From, F = Ke, force constant, K = — - 

e 

For F = 30N; 

F 30N 

Extension, e = — = — = 3mm 

K 1 ON/mm 


5N 

= 1 ON/mm 

0.5mm 


L = Original length + Extension 
= 500.0mm + 3mm = 503.0mm 


Example 4 

A spiral spring balance is 25.0cm long when 5N hangs on it and 30.0cm when the weight 
is 10N. What is the length of the spring if the weight is 2N, assuming Hooke’s law is 
obeyed? NECO 2000 

Solution 

Let the original length of the spiral spring be L 
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Extension, e - New length resulting from applied force - Original length 
First case; extension, e = 25.0cm - L 


applied force, F = 5N 
2 nd case: extension, e = 30.0cm - L 
applied force, F = ION 
Substitute into F = K* for I s * and 2 nd cases 

15 ‘ 5=(25-L)K (1) 


->nd 


10 = (30 - L)K 


..( 2 ) 


From (1), K 

From (2), K = 
Equate (3) and (4): 


25 - L 

10 

30 -L 
5 


(3) 


10 


..(4) 


25 -L 30 -L 
Cross multiplying, 5(30-L) = 10(25-L) 

150- 5L = 250 10L 

10L - 5L = 250- 150 
5L = 100 

, *00 „„ 

L = = 20cm 

5 

Considering the 1 st case; 

Extension, e = 25.0 - L = 25 - 20 = 5.0cm = 0.05m 
Applied force, F = 5N 

F 5 

From, F = Kc, force constant, K - — = = 1 00 NnT 1 

e 0.05 


For F = 2N and K = lOON/m 
F 2 

Extension, e = — = = 0.02m = 2cm 

K 100 

New length of spring = Original length (L) + Extension (e) 

= 20cm + 2cm 
= 22cm or 0.22m 


Example 5 

A spiral spring of natural length 20.00cm has a scale pan hanging freely in its lower end. 
When an object of mass of 40g is placed in the pan, its length becomes 21.80cm. When 
another object of mass 60g is placed in the pan, the length becomes 22.05cm. Calculate 
the mass of the scale pan. IV A EC 2001 

Solution 

The extension of the spring is caused by both the mass of the object and the mass of the 
scale pan. Let M be the mass of the scale pan. 

1 5 ‘ case: extension, <? = 21.80 - 20.00 = 1.8cm 
mass, m = M + m = M + 40 
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2 nd case: extension, e = 22.05 - 20.00 = 2.05cm 
mass, m = M + m = M+60 


F = Ke or mg = Ke [F=mg] 

Substitute into mg = K e for I s ' and 2 nd cases 

I s ' (M + 40)g = 1.8K 

2 nd (M + 60)g = 2.05K 

From (1) g = J 8K (3) 

M + 40 

From (2) g = - 2 05K (4) 

M + 60 

Equate (3) and (4): _L!^_ = i22L 

M + 40 M + 60 

„ M +40 1.8K 

Rearranging: — 

M + 40 1.8 

M+60 “ 2.05 


.. ( 1 ) 
( 2 ) 


Cross multiplying. 


1.8(M + 60) = 2.05(M + 40) 
1 .8M + 108 = 2.05M + 82 
2.05- 1.8M= 108-82 
0.25M = 26 


M = 


26 

0.25 


= 104g 


Example 6 

A force of 40N applied at the end of a wire of length 4m and diameter 2.00mm process 
and extension of 0.24mm. Calculate the; 

(a) Stress on the wire (b) strain in the wire 

(c) Young’s Modulus for the material of the wire ( 7 t =3.14). WAEC 2003 

Solution 


(a) 


Stress = 


Force 


Area 

radius, r = diameter/2 


F 

nr 1 

r = 2 00mm/2= 1mm = 0.001m 


For F=- 40N and r = 0.001m 
40 

Stress = 


(b) 


Strain = 


3.14x(0.001) 

extension _ e 
original lenght / 


• = 12.74xl0 4 N/m 2 


0.24 


/ = 4m; e = 0.24mm = — — = 2.4xlO J m 

1000 


Strain = - 


2.4x10 


■ = 6. 0x10" 


. stress 12.74xl0 6 .. , 

(C ) Yoi'ii;’ Modulus, y = — r = — , n , =2.12 X 10"N/m 2 


strain 6.0x10 
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Example 7 

A force of magnitude 500N is applied to the free end of a spiral spring of 0011513,1 
1 0 x 10 Nm V Calculate the energy stored in the stretched spring. WAFJ 200 
Solution 2 

The energy stored in the spring is equal to the work done, W = 'A Fe or AKe 
Force, F = SOON; force constant, K=l.0x lO^m ' 


From F - Ke , Extension, e = — 

K 

500 

•• e - 7 , t 4 - = 005m 
l.OxlO 4 

Energy stored, W = '/ 2 Fe = */ 2 X 500 X 0.05 = 12.5J 

or W = ViKe 2 = l / 2 X 1.0 X 10 4 X 0.05 2 = 12.5J 


Example 8 

A catapult used to hold a stone of mass 500g is extended by 20cm with an applied force 
F. If the stone leaves with a velocity of 40ms 1 , the value of F is 

AAOxlO^ BAOxlO^ 0.2.0x10^ D.4.0xl0 2 N JAMB 2UUU 

Solution 

The work done in stretching the catapult is equal to the kinetic energy gamed y - c 
stone, i.e. = , / 2 mv 2 

Extension, e = 20cm = 0.2m; velocity, v = 40m/s; mass, m = 500g = 0.5kg. 

Substituting, 

l A X F X 0.2 = */ 2 X 0.5 X 40 2 
0.2F = 0.5 XI 600 

F = ^2® = 4000N or 4 x 1 0 3 N 

0.2 


Ciiaui|iic 7 , 

On top of a spiral spring of force constant 500Nm is placed a mass of 5 x IITxg. If the 
spring is compressed downwards by a length of 0.02m and then rel eand, olculate the 
height to which the mass is projected. (g = 10m ) 

A. 8m B. 4m C. 2m D. lm Ans: 2m JAMB 2003 

Solution . 

The work done in compressing the spring is equal to the potential energy stored m the 


spring. 


'/JCe 2 = mgh 


Force constant, K = 500Nm 1 ; extension, e = 0.02m; 
Mass, m= 5 x 1 0 3 kg; g=10m/s 
Substituting 

^x500x(0.02) 2 =5xl0 _3 xl0xh 
0.1 = 0.05h 



= 2m 
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EXERCISES 3 wh ,, ,orc o will cM«hI the wire by i 25 cn, 

1* A force of I 8N extends a wire by 0.4cm. Wlu ^ ^ ( 

if the clastic limit .s not exceeded ' ^ ,o 20 01 tn what i> the amount of force 

2. If a force of SON stretches a wire from 20m 10 
required to stretch the same material from 20m to 20. m 

A I00N B SON C.250N [) 200N Ans: 250N JAMB2WH , s 

3. The extension in a spring when 5g wt was hung from it was 

obeyed, what is the extension caused by a load of 20g wt. .... 

A. 1.12cm B 2.14cm C. 2.52cm D. 2.80cm Ans: 2.24cm JAMB IJ8I 
4 A lOg mass placed on the pan of a spr.ng balance causes an cxtcns.on ol 5cm. II a 
I5g mass is placed on the pan of the same spring balance the extension is. 

A. 3.3cm B. 6.5cm C. 7.5cm D. 10.8cm E. 15.0 cm 

Ans: 7.5 cm JAMB 1982 

5. A spiral spring extends from a length of 10.00cm to 10.01cm when a force of 20N is 
applied on it. Calculate the force constant of the spring. 

Ans: 2 X 10W WAEC 2005 

6. The total length of a spring when a mass of 20g is hung from its end is I4cm, while its 
total length is 1 6cm when a mass of 30g is hung from the same end. Calculate the 
unstretched length of the spring assuming Hooke’s law is obeyed. 

A. 9.33cm B. 10.00cm C.10.66cm D.12.00cm E.15.00 


Ans: 1 0.00cm JAMB 1983 

7. A force of 100N stretches an elastic string to a total length of 20cm. If an additional 
force of 100N stretches the string 5cm further, find the natural length of the 
spring. A. 15cm B.12cm C.lOcm D.8cm E.5cm Ans: 1 5cm JAMB 1 985 

8. The spiral spring of a spring balance is 25.0cm long when 5N hangs on it and 30.0cm 
long when the weight is 10N. What is the length of the spring if the weight is 3N 
assuming Hooke’s law is obeyed? A. 15.0cm B. 17.0cm C. 20.0cm 

D. 23.0cm Ans:23.0cm JAMB 1991 

9. A force of 1 5N stretches a spring to a total length of 30cm. An additional force of 1 ON 
stretches the spring 5cm further. Find the natural length of the spring. 

A. 25.0cm B. 22.5cm C. 20.0cm D. 1 5.0cm Ans: 22.5cm JAMB 1994 

10 . A piece of rubber 10cm long stretches 6mm when a load of 100N is hung from it. 

What is the strain? A. 60 B.6 C.6xl0* 2 D.6xl0 3 E. 0.6 

Ans:6 x 10 2 JAMB 1978 

11. A load of 20N on a wire of cross-sectional area 8 x 10' 7 m 2 , produces an extension of 
10^m. Calculate Young’s Modulus for the matenal of the wire if its length is 3m. 

A. 7.0 x 10 ll Nm 2 B. 7.5 x IO n Nm 2 C. 8.5 x lO'W 2 D. 9.0 x 10 l, Nm 2 

Ans: 7.5 x 10 n Nm 2 JAMB 1997 

12 . The tendon in a man’s leg is 0.01m long. If a force of 5N stretches the tendon by 2.0 
x 10‘ 5 m, calculate the strain on the muscle. 

A. 5 x I0 6 B. 5 x 10 2 C. 2x10 3 D. 2 x 10 7 Ans: 2 x 10' 3 JAMB 1998 

13 . If the stress on a wire is 10 7 Nm 2 and the wire is stretched from its onginal length of 
10.0cm to I0.05cm. The Young’s Modulus of the wire is 

A. 5.0 x 1 0 4 Nm‘ 2 B. 5.0x1 0 5 Nm* 2 C. 2.0 x 10 8 Nm’ 2 D. 2.0 x lO'W 2 

Ans: 2 x \ f?Nlm l JAMB 1999 

14 . A spiral spring of natural length 30.0cm and force constant of 20Nm 1 is compressed 
to 20.0cm Calculate the energy stored in the spring. Ans: 0.1J [ WAEC^OOi 

15 . An elastic string of force constant 200Nm 1 is stretched through 0.8m within its 

elastic limit. Calculate the energy stored in the string. Ans: 64J WAEC 2004 

16 . A spring of force constant 1500Nm 1 is acted upon by a constant force of 75N. 
Calculate the potential energy stored in the spring. A. 1 .9J B. 3.2J C. 3.8J D. 5.0J 

Ans: 1.9J JAMB 1991 

17. When a force of 50N is applied to the free end of an elastic cord, an extension of 4cm 
is produced in the cord. Calculate the work done on the cord. 

Ans: 1 .0J WAEC 2004 



1 8. A spring of length 25cm is extended to 30cm by a load of 1 50N attached to one of its 
ends. What is the energy stored in the spring? 

A 3750J B. 2500J C. 3.75J D. 2.50J Ans: 3.75J JAMB 1994 

19. The energy contained in a wire when it is extended by 0 02m by a force of 500N is 

A. 5J B. 10J C. 10 3 J D. 10 4 J Ans: 5J JAMB 1995 

20. A spiral spring is compressed by 0.03m. Calculate the energy stored in the spring t 

its force constant is 300Nm ‘. Ans: 0.135J WAEC2004 

21. Calculate the work done to stretch an elastic string by 50cm, if a force of 1 

produces an extension of 5cm in it. Ans: 3 1 .250J NECO 200 

22. A spring of force constant 500Nm 1 is compressed such that its length s ortens 
5cm. The energy stored in the spring is 

A. 0.625J B.6.250J C. 62.500J D. 625.000J JAMB 2008 Ans: 0.625J 

23. Use the data in the table below to determine the length X of a wire as 
Hooke’s law is obeyed 


Force applied/N 

0.0 

5.0 

10.0 

50.0 

Length of wire/mm 

800.0 

801.0 

802.0 | X | 

^ N £002008*^ ns .810.0mm 


- — — _ 

24. A wire of length 5.0m and dtameter 2.0mm extends by 0.25mm when a force o 
50N was used to stretch it from its end. Calculate the 

(a) Stress on the wire 

(b) Strain in the wire (7t=3.142) ]5<?x , oW h 5x ,<>•* WAEC 2007 


Fig- 3.1 ///y//// 

. . on a soring from a point 10m above (above figure). If the 

force' °cSsuS of^e sp^ng is 4.0 x 10*Nm find the max.mum compress, on of the 

spring [g=10m/s]. m D 0 05 m Ans: 0.5m JAMB 1987 

A. 1 -25m B. 0 . 50 m C. ^ 0 .02m when a load of 0.4kg is suspended at 

26 . A .smog of _!eng* £«" wKen the applied force ls 1SN? 

its end. What will be Jelengm * ogm D 4 05m 

(g=10ms J ) A. 6.08m B. 5. Ans: 4.08m JAMB 2007 

. . _ thows the force extension curve of a piece of wire. The energy 

27. The diagram ^‘^^ed from E to F is? A. 1.5 x 10 2 J B. 7.5 x 10 M C. 7.5 x 

stored when the wtre ,s stretch Ans: 2 .5 x 1 0 5 J JAMB 2002 

,0 3 J D. 2.5 x 10’ J 
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Fig. 3.2 0.05m 0.10m Extension 

M. If a load of mass 10 N stretches a cord by 1 .2cm, what is the total work done? 

A. 6.0 x 10" 2 I B. 7.6 x 10 _2 J C. 1.8 x 10' 2 J D. 6.6 X 10 2 J 


29 . 


JAMB 2009 16 Ans: A 

The diagram below represents the graph of the force applied in stretching a spiral 
against the corresponding extension (X). The force constant of the spring is 


Fig. 33 



A. 20 Nm 1 B. 40 Nm 1 C. 30 Nm ' D. 10 Nm 1 

JAMB 2009 15 Ans: A 

30 . The work done in extending a spring by 40 mm is 1 .52J. Calculate the elastic 
constant of the spring. NECO 2009 53 Ans: 

1 900.0Nm 1 
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4 


linear, area and cubic expansivities 

UNEAR EXPANSIVITY 

I lie lineal expansivity or eoeffieicnl of linear expansion a of a substance is defined as the 
fractional increase in length of a piece of that substance per degree rise in temperature. 

1 .iiiear expansivity, ex = Increase in length 

Original length x Temperature rise 

/ 2 - /, _ M 

l\(O 2 -0 t ) l£0 


where a = linear expansivity 

/, = original length before expansion 
/ 2 = final length after expansion 
0, = initial temperature before expansion 
0 2 = final temperature after expansion 
A / = increase in length or change in length (/ 2 - /i) 

AO = temperature rise or change in temperature, (0 2 - 0i) 

The S.l. unit of linear expansivity is per Kelvin (K l ). 

Example 1 

Steel bars, each of length 3m at 29 °C are to be used for constructing a rail line. If the 
linear expansivity of steel is, 1.0 x 10‘ 5 K’, calculate the safety gap that must be left 
between successive bars if the highest temperature expected is 41°C. WAEC 1989 

Solution 

The safety gap to be left is found by calculating the change in length. 

A 1 

From a = Change in length, A/ = a/, (0 2 - 0|) 

h (0 2 - #i) 

Given: linear expansivity, a = 1 .0 X lO^K' 1 Original length, /, = 3m 

Initial temperature, 0| = 29°C Final temperature, 0 2 = 41°C 

M = 1.0 X 10 5 X 3(41 -29) 

= 0.00003(12) 

= 0.00036m or 3.6 X 10"m 


Example 2 

A metal rod of length 50cm’is heated from 40 C to 80 °C. If the linear expansivity of the 
material is a, calculate the increase in length of the rod (in meters) in terms of a. 

WAEC 2008 ,9 

Solution 

Given: Original length, l { = 50cm = 0.5m Initial temperature, 0| = 40°C 

Final temperature, 0 2 = 80°C Linear expansivity, a = a 

Fron, "'w fbi> 

Increase in length. A/ = ax/,(« ! -i9 l ) = ax0.5(80-40)=ax0.5x40=20a 
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A metal rod of length 1 00cm, is heated through 100°C, calculate the change 
the rod. (Linear expansivity of the material of the rod is 3 X 1 

Solution a _ inn o r . 

Given: Original length, /, = 100m; ( temperature change ,A0, , 

Linear expansivity, a = 3.0 X 10 5 K 

c A/ 

rrom a~ 

/,A0 

Change in length, A / = a X l\ X A0 

= 3.0 x 10' 5 X 100 X 100 = 0.3cm 


Example 4 

A bridge made of steel is 600m long. What is the daily variation in its length if the night- 
time and day-time temperature are 10°C and 35°C respectively. The linear expansivity of 
steel is 0.0000 12 0 C'‘ 

A. 0.18cm B. 1.80cm C. 18.0cm D.1800cm JAMB 1992 Ans: 18.00cm 

Solution 

Daily variation is the same as change in length or increase in length. 

Given: Original length,/, = 600m; final temperature, 0 2 = 35°C 

Initial temperature, 0, = 10°C; linear expansivity, a = 0.00001 2°C‘ I 


AW-*,) 

0.000012 = — .. A/ =0.000012x600x25 =0.18m = 18cm 

600(35-10) 


Example 5 

A metal rod of length 40.00cm at 20°C is heated to a temperature of 45°C. If the new 
length of the rod is 40.05cm, calculate its linear expansivity. WAEC 1994 

Solution 

initial length,/, = 40.00cm final length, l 2 = 40.05cm 
initial temperature, 0| = 20°C final temperature, 0 2 = 45°C 

w> 

Linear expansivity, & = 


40.05- 40.00 
40.0(45-20) 


0.05 

40x25 


= 0.00005 -5xl0' 5 k‘ l 


Example 6 

A brass rod is 2m long at a certain temperature. What is the length for a temperature rise 
of I00K, if the expansivity of brass is 18 x 10‘ 6 K'‘ 

A. 2.0036m B. 2.0018m C. 2.1800m D. 2.0360m 

JAMB 1991 

Solution 

Initial length, /, = 2m; temperature rise, A0 = 100K; a = 1 8 x 10 <> K' 1 

1 ,- 1 , 

Substitutcinto a = — — 

!,&& 

18x10 6 = /; ~ - ■ /, - 2 = I8xI0 -6 x200=36xI0' < 

2x100 
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/ 2 = 2 4 36x10* = 2.003 (vn 


Example 7 

1 he linear expansivity of a metal P is twice that of another metal Q. When these material 
ine leated through the same temperature change, their increase in length is the same. 

( a,cu,a(c the ratio of the original length of P to that of Q. WAEC 1996 

Solution 

Linear expansivity of Q is a 
Linear expansivity of P is 2a 


Linear expansivity, a = (1) 

l,A0 

Where A / = change in length. 

I, = original length 
A9 = change in temperature 

Substitute into equation (1) forQ where Iq is original length ofQ; 

Al 

a = 

l Q A0 


( 2 ) 


Substitute into equation (1 ) for P where l p is original length of P; 


2a = 


A! 

L AO 


(3) 


Note that Al and A0 are the same in both cases (eqn 2 & 3) because temperature and 
length increase are the same. 

, Al 

From eqn (2), original length of Q, l Q 

v aAO 


From eqn (3), original length < 


la Atf 


Ratio of /„:/„ = — — — ^ 

r Q laAO aAO 


y y 

YJtKe 


Multiply both sides by 2 

Ratio of original length of P to that of Q = 1 : 2 


Example 8 

The ratio of the coefficient of linear expansion of two nietals — is 3:4. If, when heated 
through the same temperature change, the ratio of the increase in lengths of the two 
mctalSi H ,s 1 ;2, the ratio of the original lengths j- is 

A y 2 (l B X C y> D y> JAMB 2007 


41 



Solution 

Metal 1 


Metal 2 

Coefficient of expansion a 

Tempt change A0 (AO is the same) 
Increase in length A / 

a, =3 

AO = 0 

M = e, = 1 


a 2 =4 

A0 = 0 

&/ = f 2 = 2 

From a - ( / - original length) 

l 0 A<9 ° 




Original length, l a - ^ 
akO 



II 

Ratio of original length, y- 
‘2 

- 1 ^ 1. . 

10 ' 40 

_ 1 46 _2 

_ 36 X 2 3 



AREA AND CUBIC EXPANSIVITIES 

Area or superficial expansivity (p) of a substance is defined as the fractional increase m 
area of a piece of that substance per degree rise in temperature. 

a n increase in area 

Area expansivity, p : — 

original area x temperature rise 

A - 


A,(0 2 -O,) A(A0) 


Also, area expansivity, (P) = 2 X linear expansivity (a) 
That is, P = 2a 


Volume or cubic expansivity (y) of a substance is defined as the fractional increase in 
volume of a piece of that substance per degree rise in temperature. 

_ . . increase in volume 

Cubic expansivity, y = 

original volume x temperature rise 

V 2 - V { AF 

Also, cubic expansivity (y) = 3 X linear expansivity (a) 

That is, y = 3a 

Where A, = original area or area at temperature 0, 

A 2 = final area or area at temperature 0 2 
A A - change in area or increase in area (A 2 -A,) 

V, = original volume or volume at initial temperature 0, 

V 2 = final volume or volume at final temperature 0 2 
AV = change in volume or increase in volume (V 2 -V,) 

Both area and volume expansivity are measured in K' 1 


REAL AND APPARENT EXPANSIVITIES 

Apparent cubic expansivity (y a ) of a liquid is the increase in volume per unit 
volume per degree rise in temperature when the expansion of the vessel is not considered 
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Apparent volume expansivity, y - apparent i ncrease in volume 

original volume x rise in temperature 


Also. 


Or 


r« = 


K, = 


mass of liquid expelled 


Mass of liquid remaining x nse in temperature 
volume of liquid expelled 


volume of liquid remaining x rise in temperature 


Real or absolute cubic expansivity of a liquid (y r ) is defined as the actual increase in 
volume per unit volume per degree rise in temperature, when the expansion of the vessel 
is taken into consideration. 


Real cubic 
expansivity ( y r ) 
of the liquid 


Yr = 


Apparent cubic 
expansivity of 
liquid, y a 

Ya 


+ Cubic expansivity 
of the container 
or vessel y 


+ 


Example 9 

A solid metal cube of side 10cm, is heated from 10°C to 60°C. If the linear expansivity of 
the metal is 1.2 x 10* 5 K" 1 , calculate the increase in its volume. WAEC 1993 

Solution 

Original length, /,= 10cm, original volume, V x =/, x/, x/, = 10x10x10= 1000cm 3 
Initial temperature, 0, = 10°C; final temperature, 0 2 = 60°C; a = 1 .2 X 10' 5 K‘‘ 

Cubic expansivity, y = 3a = 3(1.2 X 10‘ 5 ) 

AV 




= 3 .6 X 10 5 K 1 

Increase in volume, AV = Y x V t (fii -0,) 


= 3.6 x 10 5 X 1000 x (60- 10) 
= 3.6 x 10‘ 2 X 50 


- 1 .8 cm 


Example 10 

A piece of brass of mass 170kg has its temperature raised from 0°C to 30°C. Calculate its 
increase in volume, given the density of brass at 0°C as 8.5 xl0 3 kgm 3 and its cubic 
expansivity as 5.7 x 10 5 K 1 WAEC 1998 


Solution o 

Original temperature, 0i = 0 C; ^ ^ 

Cubic expansivity, y “ 5.7 x 10 K 

The original volume, V| is calculated from this equation 


Final temperature, 02 = 30°C; 


mass 

Density = — ■ 

volume 

Given: mass = 170kg; 

AV 


volume , (Pj)= - 


density 
density = 8.5 x 10 3 kgm 

V. = 


170 


j = 0.02 m 3 




8.53x10 

Increase in volume, A V = y x V { (0 2 - (9, ) 
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= 5 7 x 10’ 5 X 0.02 X (30-0) 
= 3.42 X 10 W 


Example 11 . , , f the volume 0 f a p.ece of brass is 

The linear expansivity of brass IS 2 * IU riWD/oOJ? 

1 5.00cm^ at 0°C, what is the volume at 1 00 C 


B. 16.00cm 


c. 15.09cm 3 


D. 15.03cm 3 


A. 16.03cm 3 

Solution , _ ,,, x i n = 6 X 10‘ 5 °C 

Given: a = 2 X 10* 5 C''; Cubic expansivity, y = 3a - 3(2 X 10 ) 

Original volume, V, = 15.00cm 3 ; Initial temperature^, -Ut, 
final temperature, 0 2 = 1 00°C; final volume V 2 

K-K 

Y ~V x (0 l -0 y ) 

6x >< r’=-^ 15 


’ 15 ( 1 00 - 0 ) 

V 2 -15 = 6xl0' s xl5xl00 
V 2 - 15 = 0.09 
^=15 + 0.09= 15.09cm’ 


Example 12 

A rectangular metal block of volume lO^m 3 at 273K is heated to 573K. If its coefficient 
of linear expansion is 1.2 x 10 5 K'', the percentage change of its volume is? JAMB 1994 

Solution 

original volume, V, = lO^m 3 ; initial temperature,0j = 273K; final temperature, 0 : 
573K; a = 1 .2 X lO^K* 1 Cubic expansivity, y = 3a; Change in volume, AV = ? 

AV 

From y = - 


change in volume, 


V,fa-4) 
a Y = rxK(02-q) 

= 3.6 X 10’ 5 X IQ- 4 (573-273) 


= 1.08 X 10' 8 m 3 


Percentage change in volume = 


change m volume 
original volume 

= AV 

K 

1.08X10 -1 


x 100 


-xlOO 


10" 


-xlOO 

= 1.08 =1.1% 


Example 13 

A density glass bottle contains 44.25g of a liquid at 0°C and 42.02 at 50°C. Calculate th 
real cubic expansivity of the liquid (linear expansivity of glass =1.0x1 0' 5 K'‘ } C 

Solution 

The linear expansivity, a = 1.2 X 10' 5 K'‘ 

The cubic expansivity, y = 3a = 3 X(1.0 X lO^K" 1 ) = 3 X lO^K’ 1 

Next the apparent expansivity, y a , is found first. 

Y _ mass of liquid expelled 

mass of liquid remaining x temperature rise 
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Mass of liquid expelled = mass of liquid at initial tempt - mass of liquid at final tempt. 
Mass of liquid remaining is the mass of liquid at the final temperature. 


44.25- 42.02 
42.02x(50- 0) 


= 1.062x10 1 

2101 


Real 


expansivity of the liquid, y r = y + y a 


= 3 X 10 5 4- 1.062 X 10 
= 1.0913 X lO^K" 1 


-3 


Example 14 

A relative density bottle of volume 50cm 3 is completely filled with a liquid at 30°C. It is 
then heated to 80°C such that 0 75cm’ of the liquid is expelled. Calculate the apparent 
cubic expansivity of the liquid. WAEC 2007 23 

Solution 

Apparent cubic expansivity, =. volume of liquid expelled 

volume of liquid remaining x rise in temperature 


K = 


0.75 


r„ 


(50-0.75)x(80-30) 
0.75 


49.25x50 


- = 0.0003 K' 1 


Example IS 

A metal cube of linear expansivity a is heated through a temperature rise of /. If the initial 
volume of the cube is v, what is the increase in the volume of the cube? NECO 2007 19 

Solution 

Linear expansivity, a = a; temperature rise, A0 = /; initial volume, V x = v 
Cubic expansivity, y — 2 q 


Vfao) 

Increase in volume, AV = yxV { AO 
Substituting above values, we obtain, AV = 2a vi 


EXERCISES 4. 

1. A brass rod is 2m long at a certain temperature. Calculate the linear expansion of the 

rod for a temperature change of 100K [Take the linear expansivity of brass as 
1.8xl0 5 K '] q WAEC 1995 Ans: 3.6 x 10 J m 

2. Steel bars each of length 3m at 28°C are to be used for constructing a rail line. If the 
linear expansivity of steel is 1 .0 x 10 K , what is the safety gap that must be left between 
successive bars, if the highest temperature expected is 40°C? 

WAEC 1997 Ans: 3.6 x 10 4 m 

3. An iron rod of length 30cm is heated through 50 Kelvin. Calculate its increase in 
length °C | Linear expansivity of iron =1.2x10 K 1 ] WAEC 2000 Ans: 1.8x1 0' 2 cm 

4. Metal rods of length 20m each are laid end to end to form a bridge at 25°C. What gap 
will be provided between consecutive rails for the bridge to withstand 75°C? 
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A. 0.22m 


B. 0.25m 


{Linear expansivity of I lie material - 2 0 x |n ^ 'of s'c'lo-^ 5''<- . if the change in length 


C. 0.02m 

2 0 x 1(V -K '1 JAMR '004 Ans: 0.02m 

5. A wire, 20m long is lien led Irotu a lempci.iturc 
is 0.020m, calculate the linear expansivity ol the wire 

6 . 

rod when its temperature rises to 33 


D. 0.20m 


WAEC 1991 Ans: 2.0 x 10 "K 

Ihe length „f a ztne rod a, 2.VT ,s 200m. Calcnlate the mcrease m 'en.g-h of the 
T. | Linear expansivity ol the Zinc - 2 6 x 1 OK) 

WAEt 20tj8 Ans: 0.052tn 

7. If the cubic expansivity of brass between 27 C and 100 C is 5.7 x 10 K • ? 

linear expansivity? WAEC 1998 Ans: 1.9 x 10 k 

8. A metal rod 800mm long is heated front 10°C to 95' C. If it expands y ' 5 ,!' Tirn ' 

linear expansivity of the metal is? WAEC 1993 Ans. 2 x I 

9. An iron rod of length 50m and at a temperature of 60°C is heated to 70 C. C a cuiate 
its new length. [Linear expansivity ol iron = 1.2 x 10‘ 5 K '] WAEC 1999 Ans. 50.006m 

10 . An iron rod is 2.5Sm long at 0 °C. Calculate the length of a brass rod at 0‘C if the 
difference between the lengths of the two rods must remain the same at all temperatures 
[Linear expansivity of iron = 1 .2 x 10 ^K 1 , linear expansivity of brass “1-9x10 K ]. 

NECO 2006 Ans: 1 629m 

11. On a fairly cool rainy day when the temperature is 20 l ‘C, the length of a steel rail road 
track is 20m. What will he its length on a hot dry day when the temperature is 40 C? 

A. 20. 1 3m B. 20.009m C. 20.004m D.20.002m 

[Coefficient of linear expansion of steel = 1 1 x 10 (, K '] JAMB 2003 Ans: 20.0044m 

12. A steel plug has a diameter of 5cm at 30°C. At what temperature will it fit exactly 
into a hole of constant diameter 4.997cm? [Coefficient of linear expansion of steel is 1 1 x 
lO^C' 1 ) A. 27.3 W C B. -27.3T C. -2.7°C D. 7.32°C E. 2.7°C 

No correct option JAMB 1978 Ans: -24.58°C 

13 . The ratio of (he linear expansivity of copper to that of iron is approximately 1.5. \ 

specimen of iron and a specimen of copper expand by the same amount per unit rise m 
temperature, flic ratio of their length is A. 3 B. 1.5 C. 1.32 D. 1 E. 0.67 

JAMB 1980 Ans: 0.67 

14 . A solid material of volume 1 00cm is heated through a temperature difference of 

40°C. Calculate the increase in ihe volume of the material if its linear expansivity is 2.0 \ 
lO'V. WAEC ! 997 Ans: 2 4 x HPcnv 

15. When a metal ball is heated through 30 ( 'C, its volume becomes 1.001 8cm \ If the 
linear expansivity of the material of the hall is 2.0 x 10 S K \ calculate its original volume. 

WAEC 2004 Ans: 1 .00cm 3 

16 . The linear expansivity of a substance is 1.2 x lO^K 1 . A cube of this substance has a 
volume of 8.0 x I0 3 cm 3 at 30 l, C. Calculate the increase in its volume at 80°C. 

WAEC 2005 Ans: 1.44 x 10 2 cm 3 

17. A brass cube of side 10cm is heated through 30°C. If the linear expansivity of brass 
is 2.0 x 10' 5 K‘\ what is the increase in its volume? NECO 2002 Ans: 1 .80cm 3 

18 . The linear expansivity of brass is 2 x 10 5 0 C‘ I . If the volume of a piece of brass is 


1 0cm 3 at 0°C, what will be its volume at 100°C? A. 10.02cm 


C. 10.06 cm J 


D. 10.20cm 1 


B. 10 04cm' 


E. 102.00cm 

JAMB 1983 Ans: 10.06cm 3 

19. The length of a side of metallic cube at 20°C is 5.0cm. Given that the linear 
expansivity of the metal is 4.0 x 10 5 K find the volume of the cube at 120°C 


A. 126.50 cm 3 B. 126.25 cm 3 C. 126.00 cm 3 


D. 125.00 ern 


JAMB 1987 Ans: 126.5cm 1 

20. If L, S and V arc the linear, area and volume expansivities of a given metal 

respectively, which of the following equation is correct? A. L - S = 0 B. V - 2S = 0 
C. S - 2L = 0 D. 2S - L = 0 E. 3V L = 0 WAEC 1998 Ans: C 

21 . The temperature of glass vessel containing 100cm 3 of mercury is raised from 10°C to 
100 1, C. Calculate thcjipparent cubic expansion of the mercury. [Real cubic expansivity 
of mercury = 1-8 x 10 K ] |Cubic expansivity of glass = 2.4 x 10* 5 K‘‘] 

WAEC 1995 Ans: 1.422cm 3 
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22. The cubic expansivity of mercury is 1.8 x 10 4 K 1 and the linear expansivity of glass 
is 8.0 x 10' (, K calculate the apparent expansivity of mercury in a glass container. 

WAEC2000 Ans: 1.5x10 K 

23. A cube made of a metal of linear expansivity is warmed through a temperature o t 
If the initial volume of the cube is V, what is the increase in volume of the cube? A. /ja 
Vt B. */, aVt C. aVt D. 2 aVt E. 3aVt WAEC 1990 Ans: E 

24. A thin aluminum plate has a surface area of l.500m : at 20°C What will be its 
surface area when it is cooled to -20°C7 [Take the linear expansivity ol aluminum to be 
2.5 x 10 K '] A. 1.503 nv B. 1.500m 3 C. 1.498 nr D. 1.497 m' E. 1.490 m 

JAMB i9S5 Ans: 1.497m 

25. A cube made of metal of linear expansivity a is heated through a temperature 0 If the 

initial volume of the cube isK , the correct expression for the increase in volume of the 
cubcisA .joV o 6 B.jaV6 C.2 oV 0 6 D. 3oV 0 6 WAEC 2007 22 Ans: D 

26. A blacksmith heated a metal whose cubic expansivity is 6.3 x 10 K I he area 

exp msivity is A. 4.2 x 10' 6 K'' B. 2.0 x 10‘ 6 K 1 C. 6.3 x lO'K 1 D. 2.1 x 10' 6 IC ( 

JAMB 2007 12 Ans: 4.2 x 10' ’K' 

* A rod of initial length 2m at a temperature of 25°C is heated to 80°C. Calculate the 
increase in length of the rod if its linear expansivity is 4.0 x 10 ' 3 K -1 

WAEC 2009 18 Ans: 0.44m 
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5 


WORK, ENERGY AND POWER 


WORK 

Work is defined as the product of a force and the distance in 

force. 

Work done, W = force X distance (displacement) 

W = F X s or 
W = mg X s 


the direction of the 


However, if the force applied is at an angle 0 to the horizontal as shown below, the work 
done depends on what direction the objects moves. 


Vertical direction 



Horizontal directional 


If the box moves in the horizontal direction, the work done(W) is; 

W = F cos0 X s 

Or W = mg cos0 X s 

If the box moves in the vertical direction, the work done(W) is; 

W = F sin0 X s 

Or W = mg sin0 X s 

Where F = Force in Newton (N) 

s = distance or displacement in meter, m 
m = mass in kilogram, kg 
g = acceleration due to gravity, m/s" 

Work is measured in Joules. 


energy 

Energy is the capacity to do work. Kinetic Energy (KE) is the energy possessed by a body 
in motion. 

KE = 

Potcntial energy (PE) is the energy possessed by a body at rest or at a height 

PE ~ nigh 

Where in mass in kilogram, kg 

v = velocity in meter per second, m/s 
g = acceleration due to gravity, m/s“ 
h height in meter (tn) 
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POWER 

Power is defined as the rate of doing work or the rate of energy transfer. 


Power(P) = 


Work done (W) 
time taken (t) 
Force x Distance 
time taken 


„ Distance 

Force x = Force 

time 


x Velocity 


p = w = Fxs = mgxs = Fxv 
t t t 

Power is measured in Joules per second (J/s) or watts (W) 

1 horse power (hp) - 746W = 0.746kW. 

Exai >le 1 

A boy drags a bag of rice along a smooth horizontal floor with a force of 2N applied at an 

angle 60° to the floor. The work done after a distance of 3m is 

A.6J B.3J C.4J D. 5J JAMB 2007 

Solution 

Force F = 2N; 0 = 60°; Distance s = 3m 

Work done, W = Fcos^xs 
= 2 cos60 x 3 
= 2 x0.5x3 = 3J 


Example 2 

A constant force of 40N acting on a body initially at rest gives an acceleration of 0.1 m/s 2 

for 4s. Calculate the work done by the force. 

A. 8J B. 10J C. 32J D. 160J JAMB 1987 

Solution 

Given: Force, F = 40N; initial velocity, u =0; acceleration, a = 0.1 m/s 2 ; time, t = 4s. 

Distance, s is obtained from 2 nd equation of motion, 
s = ut -i- ‘/^at 2 

s = 0 X4 + '/j X0.1 X 4 2 
s = 0 + 0.05 X 16 
s = 0.8m 

Work done = F X s = 40 x 0.8 = 32J 


Example 3 


Eig. 



Using the force-displacement diagram shown above, calculate the work don t.WAEC 2000 

Sotutioa 


Generally, in a force - displacement (F-d) or force distance graph, the work done is equal 
to the area of the shape famed by the F-d graph. If the area under the F-d graph is a 


St 



„ , .iiini r -(.I ♦ M H | 

Irapc/iuni or semicircle, then the work doni 

or area oka semicircle ’/i(nr'l. . ,|,iph is a ivclaiipl 1 '- I * u U <>R ‘ 

In the above ease, the area under the * l1 E 

Work done 100* .20 2000J 


■xample 4 , in 2 0s. What is the power of 

m engine raises 100kg of water through a height o > IV A EC I VS** 

ie engine? Takeg=IOm/s‘ 


Example 4 
An 
the i 

Solution c | = 70s 

Given: mass, m = 100kg; g=10m/s : : distance, s - w m. 

Power - WOf k done (w) _ force x Distance _ nig x s 
time taken (s) time taken I 

p _ mgxs _ 100x10x60 


20 


- = 3000W 


Example 5 , 

A machine of efficiency 80% is used to raise a body of mass 75kg through a vert tea 
height of 3m in 30s. Calculate the power input. [g-IOm/s') IIAhC 2000 

Solution 

Given: efficiency, E = 80%; mass, m = 75kg; 
distance (height), s = 3m; time, t OO 

Efficiency. E = ^^^xl()0 
Power input, P 


Power output, P 0 


mgxs 

t 


75x10x3 

30 


2250 

30 


= 7511 


Power output 

Power input, P, = — — — 

efficiency 


P, = 


75x100 

80 


93.75W 


Example 6 

I he engine of a train produces a force of 3000N when moving at 30ni/s (' l l 
power of the engine. »’AEC2006 ^ ^ 

Solution 

Given: force - 3000N; speed = 30m/s 

l ; orce x Distance ( distance) 

Power = ; — — Speed = 

time taken 1 time I 

P force X speed (velocity) 

P = 3000N X 30 m/s = 90000 W = 9.0 x 10 4 W 


Example 7 

How long will it take a 60kg man to climb a height of 22m if be ,. v i . 
rate of 0.25k W? |g lOm/s'l A. 5.3s 11.34.5, C.-i|. 6s l ^ n ' Jc ' l / 


energy at the 
IA/A* /OSS 
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Solution 

Given: mass, m=60kg; height, s = 22m; g=10m/s 2 ; 
Power, P - 0.25kW = 250W 

Power, P 


t t 

mgxs _ 60x10x22 
P " 250 


52.8s 


Example 8 

A car of mass 800kg attains a speed of 25ms* 1 in 20 seconds. The power developed in the 

engine is A. 1.25 x 10 4 W B. 2.50 xI 0 4 W C. 1.25xl0 6 W 

D. 2.50 x 10V JAMB 1999 

Solution 

Give.r. mass, m=800kg; speed or velocity, v = 25ms 1 ; time, t = 20s. 

. . Velocity 25 ? 

AcceleratDn, a = = — = 1 .25m/s 

Time 20 

Force, F = ma = 800 X 1 .25 = 1 000N 
Power, P = Force X Velocity 
= 1000 X 25 
= 25000W or 25KW 


Example 9 

A body of mass 5kg falls from a height of 10m above the ground. What is the kinetic 
energy of the body just before it strikes the ground? [Neglect energy losses and take g as 
10m/s J ] WAEC 1992 

Solution 

The question is solved using the equation, KE = l / 2 mv 2 . However, in this and many other 
cases the velocity is usually not given and has to be calculated using any of the three 
equations of motion and their variations for gravitational acceleration or motion under 
gravity. (See the chapter on speed, velocity and acceleration). 

The final velocity, v before it strikes the ground is found using the 2 nd equation of 
motion, v 2 = u 2 + 2gh, for a body falling downwards or released from height. 

Given: initial velocity, u=0; height, h=10m; g=10m/s 2 ; mass, m = 5kg 

v 2 = u 2 + 2gh 

v 2 = 0 2 + 2 X 10 X 10 

v 2 = 200 

v = >/200 = 14. 14m/s 
KE = l / 2 mv 2 = l / 2 X 5 X 14. 14 2 = 500J 


Example 10 

A body of mass 4kg is acted on by a constant force of 12N for 3 seconds. The kinetic 
energy gained by the body at the end of the time is 

A. 162 J B. 144 J C. 72 J D. 81 J JAMB 2004 

Solution 

Mass, m=4kg; Force, F = 12N; time, t=3s 
F = ma acceleration, a = F/m =12/4 = 3m/s 2 
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Also, acceleration. 


a - 


vt'locin (v) . velocity, v - a X t 

time {l ) , ^ . 

= 3 m/s’ X 3s — 9 m/s 


RE = Vx mv‘ = 14 x 4 x 9 : = 162J 


A ball of mass 200g falls from a height of 5m on to a hard floor and rebounds U .j . ^ 

of 3m. What energy is lost by the ball as a result ol the impact on the °° T 


Solution 

Given: mass, m=200g = 0.2kg; g=10m/s’ 

Potential energy at height, h = 5m, PE 5 = mgh 

= 0.2 X 10 X 5 
= 10J 


Potential energy at height, h = 3m. PE, = mgh 

= 0.2 X 10 X 3 


= 6J 


Energy lost = PE ? - PE, = 10 - 6 = 4J 


Example 12 

A body rolls down a slope from a height of 100m. Its velocity at the loot ot the slope is 
20m/s. What percentage of its potential energy is converted into kinetic energy/ 
[g=10m/s 2 ]. A. 40% B. 35% C. 20% D. 1 5% 

JAMB 1987 

Solution 

Given: height, h= 100m; velocity, v=20m/s; g=10m/s‘ 

PE at height, h= 1 00m, mgh = m X 1 0 X 1 00 

= 1 000m J 

RE at foot of slope, '/-mv 2 = Vi X m X 20 2 
= 200m J 

^ J _ RE x 1 00 200m Jx 100 

Percentage of PE converted to RE = = 20% 

PE 1000m J 


Example 13 



A box of mass 40kg is being dragged along the floor by a rope inclined at 60° to the 
horizontal. The frictional force between the box and the floor is 100N and the tension on 
the rope is 300N. How much work is done in dragging the box through a distance of 401*' 
A. 680 J B. 400 J C. 200 J D.100J JAMB 1995 

Solution 

Work done = Force x distance = F x s 


Effective horizontal component of tension force, T = TcosO = 300cos60 1 50N 

Effective forward dragging force, l = Tension force - Frictional force. 


54 



F = 150 - 100-50N 


W = F X s = 50N X 4m - 200J 


Example 14 

A ball of mass 0.1kg is thrown vertically upwards with a speed of 10ms from the top of 
a tower 10m high. Neglecting air resistance, its total energy just before hitting the ground 
■- r~_in_/.2, JAMB 1999 


is [g=10m/s 2 ] 

Solution 



The height reached, h is 
Calculated from v 2 = u 2 - 2gh. 


Fig. 5.4 

Initial velocity, u = lOm/s; final velocity, v = 0; g=10m/s 2 
1,2 - v 2 10 2 -0 2 100 


Height, h = 


= 5m 


2g 2x10 20 

Total height from ground level = h=10+5=15m 
PE at maximum height = K_E just before hitting the ground. 
PE = mgh = 0. 1 X 10 X 15 = 15J 


Example 15 

If a body of mass 5kg is thrown vertically upwards with velocity u, at what height will the 
potential energy equal to the kinetic energy? 

A h = — B. h=— C.h = — D. h - 

g 4 g g 


Solution 

Equate potential energy (mgh) with kinetic energy (X mu 2 ) 

mgh -—mu 2 
2 

, 1 mu 2 

h = — 


h = — 


2 mg 


2g 

JAMB 2008 
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EXERCISE 5. 
1 . 


Force(N) 



Distance (m) 


A force varying linearly with the distance acts on a body as shown above. T e wo 
on the body by the force during the first 10 meters of motion is 
A. 100J B. 1 50J C. 200J D. 300J E. 600J JAMB 1984 Ans: 100J 

2 . 



A body is under the action of a force F such that the force-displacement graph of the body 
is semicircle as shown above. The work done on the body by the force in moving through 
24 meters is A. 367tJ B. 12n J C. 144te J D. 288rc J 

JAMB 1991 Ans: 72kJot226.3J 

3. A load of mass 120kg is raised vertically through a height of 2m in 30s by a machine 
whose efficiency is 100%. Calculate the power generated by the machine [g=10m/s 2 ]. 

WAEC 2002 Ans: 80W 

4. A girl whose mass is 20kg climbs up 25 steps each of height 15cm in 10 seconds. 

Calculate the power expended [g=10m/s 2 ] NECO 2005 Ans: 75 W 

5. A man of mass 50kg ascends a flight of stairs 5m high in 5 seconds. If acceleration 
due to gravity is 10ms' 2 , the power expended is 

A. 100W B. 200W C. 250W D. 400W E. 500W JAMB 1983 Ans: 500W 

6. If a water pump at Kainji dam is capable of lifting 1000kg of water through a vertical 

height of 1 0m in 1 0s, the power of the pump is A. 1 .OkW B. 1 0.OkW C. 1 2.5kW 
D. 15. OkW E. 20.0kW [g=10m/s 2 ] JAMB 1984 Ans: 10..0 kW 

7. A man weighing 800N climbs up a flight of stairs to a height of 15m in 12.5secs. 
What is the man’s average power output? 

A. 667W B. 810W C. 960W D. 15000 W JAMB 1992 Ans: 960 W 

8. An electric water pump rated 1.5kW lifts 200kg of water through a vertical height of 
6m in IOsecs. What is the efficiency of the pump? 

A. 90.0% B. 85.0% C. 80.0% D. 65.0% JAMB 1997 Ans: 80% 

9. A man whose mass is 80kg climbs a staircase in 20s and expends a power of 120W. 
Find the height of the staircase [g= 1 Om/s 2 ] 

A. 1.8m B. 2.0m C. 2.5m D. 3.0m JAMB 1998 Ans: 3m 

10. A stone of mass 2.0kg is thrown vertically upward with a velocity of 20.0ms 1 

Calculate the initial kinetic energy of the stone. WAEC 2006 Ans: 400J 
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11. A 500kg car which was initially at rest traveled with an acceleration of 5m sec, its 
kinetic energy after 4 second was A. 1 0 5 J B. 2.5 x 1 0 3 J C. 2 x 1 0 3 J 

D. 5 x 10 j J E. 5 x 10 5 J JAMB 1979 Ans: 10 5 J 

12 . An object of mass 50kg is released from a height of 2m. Find the kinetic energy just 
before it strikes the ground. 

A. 250J B. 1000J C. 10,000J D. 100,000J JAMB 1994 Ans: 1000J 

13 . An object of mass lOOg projected vertically upwards from the ground level has a 
velocity of 20ms 1 at a height of 10m. Calculate its initial kinetic energy at the ground 
level. [g=I0m/s 2 , neglect air resistance]. 

A. 10J B. 20J C. 30J D. 50J JAMB 1997 Ans: 30J 

14 . An object of mass 1000kg is dropped from a height of 10m. Calculate its energy 
when it strikes the ground. [g=10ms* 2 ) WAEC 2005 Ans: 100000J or 10 2 kJ 

15. The efficiency of a machine is 80%. Calculate the work done by a person using the 
machine to raise a load of 300kg through a height of 4m [g=l 0ms 2 ] 

WAEC 2006 Ans: 15000 J 

16. A bead travelling on a straight wire is brought to rest at 0.2m by friction. If the mass of 
the bead is 0.01kg and the coefficient of friction between the bead and the wire is 0.1, 
determine the work done by the friction. [g=10ms Hint: w = F X s nR * S 

A. 2 x 1 0“* J B. 2 x 1 0' 3 J C. 2 x lo'j D. 2xl0 2 J JAMB 2003 Ans:2xl0 3 J 

17 . 



A force, F is applied to a body, P as shown in the diagram above. If the body P moves 
through a distance x, which of the following represents the work done? 

A. Fx B. C. FxtanG D. FxsinB E. Fxcos0 WAEC 1990 Ans:E 

X 

18. A box is pulled a distance, s along a smooth horizontal floor by a force of magnitude 
F, inclined at an angle, 0 to the horizontal. The work done is? NECO 2005 Ans: FscosG 

19. A force F is applied to a body P as shown in the diagram above. If the body moves 
through a distance, a, which of the following represents the work done? 



A Fa B FacosB C.-^- D. Fasin0 E. NECO 2000Ans:D 
Cos0 Sin0 

20 . A car travelling with uniform velocity of 30ms 1 along a horizontal road overcomes a 
constant frictional force of 600N. Calculate the power of the engine of the car. 

WAEC 2008 6 Ans: 1 8000W or 1 8kW 

21. An object of mass 0.25kg moves at a height h above the ground with a speed of 4ms* 1 . 

If its mechanical energy at this height is 12J, determine the value of h. 

[g = 10ms* 2 ] WAEC 2008 16 Ans: 4.8m 

22.1f a cage containing a truck of coal weighing 750kg is raised to a height of 90m in 
1 minute, what is the total power expended? (g = 10 ms' 2 ) 

A. 1 1.50kW B. 12.60kW C. 11.25kW D. 12.10kW JAMB 2009 10 Ans: C 


57 




A stone of mass 


kinetic energy, (g = I Oms J ) , , onto a concrete n«»" 

24. A ball of mass lOOg falls from a height ^ hco2(W9 Ans 2J 

to a height of 3m. Calculate the energy l° st 0 f co al to produce 1 ° ^ h ! w 

25. A steam engine of efficiency 70% bums 20g ofeoa. ^P q ^ Ans; 70 OkW 
it bums 200g of coal per second, calculate its ou pu P 


, h,„fl 2m. ( ulculatc its maximum 
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6 


CURRENT ELECTRICITY 


ELECTRIC CURRENT 

Electric current is defined as the rate of flow of charge along a conductor. 

Electric current (I) = 9 uantilyof ' ^^(Q) 

Time(t) 

That is, I = — 
t 

The unit of electric current is ampere (A). 

Example 1 

Calculate the quantity of charge flowing through a conductor if a current of 10A passes 
through a conductor for 10s. WAEC 1995 

Solution 

I = 10 A; t = 10s 

Current (I) = Q uantjt y of char g e = Q 
Time t 

Quantity of charge, Q = It = 10X10 = 100C 


OHM’S LAW: Ohm’s law states that the current flowing through a metallic conductor 
is directly proportional to the potential difference across its ends, provided temperature 
and other physical conditions of the conductor are kept constant 
That is, V a I 

V V 

/. V = LR or I=— or R= — 

R I 

Where I = current in Amperes, A 

V = potential difference in Volts, V 
R = resistance in Ohm, O 


SERIES AND PARALLEL ARRANGEMENT OF RESISTORS AND CELLS 
Resistors in Series: 


I Ri R 2 R 3 



The combined, total, equivalent or effective resistance for resistors connected in series as 
shown above is R = R)+R2 + R 3 
Generally, in series connection of resistors; 

1 . The same current passes through each resistor. 

2. The potential difference across each resistor depends on the value of its resistance. 

3. The potential difference, V, across the whole scries connection is equal to the sum of 
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the individual potential differences across each !**"**.' stance; R = Rl ■* 
4. The total resistance R is the sum of the mdivi ua 


V 3 

+ Rl + Rt 


Resistors in Parallel 



The combined, total, equivalent or effective resistance for resistors connected para 

is 

R R, R 2 R 3 

n BjRj 

If there are two resistors, R| and R 2 , the combined resistant, R - ~ 

K, +K 2 

Generally, in parallel connection of resistors; 

1 . The potential difference across each resistor is the same and is equal to the potential 
difference across the whole connection, V = Vj = V 2 = V 3 

2. The total current is equal to the sum of the currents flowing through each resistor, 

I = I. + I 2 + I 3 

3. The combined resistance is always less than the least individual resistance. 


Cells in Series 


Fig. 6.3 I 1 I' | ! “ 

^l» r \ ^2’ r 2 

For cells connected in senes the total e.m.f, E = E| + E 2 + E 3 
The total internal resistance, r = T\ + r 2 + r 3 


Cells in Parallel 


E\ 1 

J, 



M 

1, 


« 

I 1 

E 2> r 2 

1. 



1 1 • 

Fig. 6.4 I f 


For cells connected in parallel, the total e.m.f, E = Ei = E 2 = Ei 

1111 

The total internal resistance, - = — + — + — 

r r, h r? 
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For two internal resistors, n and r 2 in parallel, effective resistance, 


r,r. 


r, + r. 


Example 2 

What is the effective resistance of the circuit below. 


2Q 



Solution 

Th( >0 and 100 are in series, therefore the combined resistance, 
R = R, + R 2 = 5 + 10 = 150. 

The circuit is redrawn as follows. 


m 



The 20 and 

R R 

R = 


40 are in parallel, therefore 


Ml iil = *, U3Q 


R, + R 2 2 + 4 6 

The circuit is drawn again as follows. 


the combined 


resistance, 


Fig. 6.7 


isn 

. 1 


1.33ft 

1 • 


The 150 and 1.330 are in series, therefore the combined resistance, 
R = Ri + R 2 

R= 15 + 1.33 = 16.330 


Example 3 

in 2H 



Fig. 6.8 IQ 20 

The total resistance measured at PQ in the diagram above is? 

A. 18.0 0 B. 11.00 C. 4.0 O D. 2.0 O JAMB 1998 

Solution 

The three 20 resistors are in series, therefore the total resistance, 
r = r, + R, + R_, :. R= 2 + 2+ 2^ 60. The circuit is redrawn as follows. 
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6Q 


ID 



The j»Q and 612 resistors are in parallel, therefore the combined resistance, 

R = _^_3x6j 8 = 2Q 
R, + R, 3 + 6 9 

The circuit is redrawn once again as follows: 

in 



The three resistors (IQ. IQ, and 2Q) are in series, therefore equivalent resistance, 
R = R, + R, + R 3 
= 1 + 1 + 2 = 4Q 

The total resistance measured at PQ is 4 Q 


Example 4 

A car fuse is marked 15A and operates normally on a 12V battery. Calculate the 
resistance of the fuse wire. WAEC 1994 

Solution 

Current, I = 15 A; p.d, V = 12V 

From V = IR. R = — = — = 0.8Q 


Example 5 

The sum of the current l| and F in the figure below is 


Fig. 6.11 



hi ion 


JAMB 1979 


A. 1 .2 A B. 0.6A C.0.8A 1>. 2A F I A 


Solution 

Given: V- 12V; R=10Q 

V 12 , 

From V = 1R. L = ~ = — = l 2A 
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J or V 12V and R-5 + 10-1 512 (series connection) 


I, = 


V 

R 


12 

— = 0.8A 

15 


1M I; = 1.2 4 0.8 - 2 0A 


Alternatively . this could be solved as follows. 

(0 Hie 5f2 and 1012 resistor through which Ii flows are in series. Therefore, effective 
resistance, R = 5 + 10 = 1512 

(ii) I lie 1512 resistor is connected in parallel with the 1012 resistor. Therefore the 
effective resistance, 

o R,R 

R = r where R, = 1 5Q; R 2 = 1012 

lx . “t" lx ^ 


10x15 
lOf 15 



(ii*) i otal circuit current (I, + 1,), 


Potentialdifference 
total circuit resistance 



Calculate the current in the 312 resistor shown in the diagram above. WAEC 1990 
Solution 

_ . . 1111111 

Equivalent resistance, — = — + f — =—+—+— 

R R, R 2 R 3 2 3 4 


1 = 6444.3 = 13 t 12Q 

R 12 12 " 13 


Voltage or p.d across the parallel connection, V = IR 


Current in the 312 resistor. 



V = 13x— = 12V 
13 



Example 7 

An electrical circuit is connected up as shown below. What is the value of the current 



12V 
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R, 3ft 


Fie. 6.14 



12V 


(i) R] and R 2 are in series Combined resistance, R L2 = 3 + 3 = 6D 

(ii) R 3 and R, are in series Combined resistance, R 3 4 - 3+3 = 6D 

(iii) The circuit can be redrawn as follows. 


Fie. 6.15 



12V 


(iv) R] 2 and R3.4 are connected in parallel 

„ . . D 6x6 36 _ 

Effective resistance, R, = 11 — — = = — = 30 

R 1? + R 34 6 + 6 12 

(v) The circuit now becomes 


R„=3ft Rc-i a 



Fig. 6.16 12V 

R,, and R5 are in scries :. Total resistance, R = R 5 + R 0 = 3 1 = 4Q 

The current through the ID resistor is the same as the current flowing through the whole 

circuit. 

V 

From V = IR, I =— Substitute V=12V; R=4D 
R 


4 


Example 8 

In the figure below, a voltage V is applied across the terminals P and Q n le vo |t i- > 
across the ID resistor is 













p 

Fig. 6.17 


Ail 



Q 



Solution 

The effective resistance across the parallel combination, 


The circuit becomes 


R = 


R,R, 

R, + R, 


4x4 
4 + 4 



in 

p 

Fig. 6.18 



2Q 


I 

I 


Q 


Total circuit resistance, R = 1 + 2 = 3H 
Total circuit voltage, V = V 

V V 

: Total circuit current, I = — = — 

R 3 

From V = IR 

Voltage across the IQ resistor is (where R =1) 



JAMB 1987 


Example 9 

If a resistance is halved in value and the p.d across it is tripled, then the ratio of the new 
current to the old is A. 1:6 B. 1:3 C. 2:1 D. 6:1 JAMB 1995 

Solution 

If a resistance is halved in value, R = V?R\ p.d. across it is tripled, V = 3 V. 

V f 3V 3V 6V 

I = — The new current, I = = = — 

R y i R 0.5R R 


The old current, I = — 
R 


So, the ratio of the new to old current is 


6V V 
R 


ELECTROMOTIVE FORCE, INTERNAL RESISTANCE, 
TERMINAL POTENTIAL DIFFERENCE AND LOST VOLT 

The electromotive force (e.m.f ), F of a cell is defined as the total work done in driving 
one coulomb of electricity round a circuit. The e.m.f of a cell is also defined as the 
potential difference between the terminals of a cell when it is an open circuit, i.e. not 
delivering current to an external resistance. 
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the internal resistance, r, of a cell is the opposition to current Now oncicu 
when it is discharging current to a circuit. 


Terminal potential difference , V. is defined as the potential difference between 
terminals of a cell when it is delivering current to an external resistance, K. 


the 


The lost volt or voltage, v is the p.d across the internal resistance, r, ol a cell. 

E.m.f = p.d across external resistance + p.d across internal resistance. 
E = V + v (1) 

Applying ohm’s law to eqn (1) we get 

E = IR + Ir (V= JR, v = Ir) 

E = I(R + r) 


1 = 


R*r 


( 2 ) 


Example 10 

A battery of e.m.f 24V and internal resistance 4Q is connected to a resistor of 32f2. What 
is the terminal p.d of the battery? WAEC 1998 

Solution 

Whether you are asked to or not, always draw a circuit diagram before solving any 
question on current electricity. 


Fig. 6.19 


| E= 24 V . 




1 1 r = +n 

n 





R = 32 H 


First, calculate the circuit current, I 


1 = 


E 

R + r 


24 

32 + 4 


24 2 

-=-A or 0.67 A 
36 3 


Terminal p.d, V = IR = 0.67 X 32 = 21.3V 

Alternatively , the answer is gotten from the equation, 
E - V + v or E = V + Ir 


Terminal pd, V = E - Ir 

V = 24 - 0.67 X 4 
= 24 - 2.67 
= 21.3V 


Example 1 1 

A cell of e.m.f 1.5V is connected in series with a resistor of resistance 3fl A high 
resistance voltmeter connected across the cell registers only 0.9V. Calculate the internal 
resistance of the ceii. WAEC 1996 

Solution 


Qv-o-w 



r = ? 

1 l 


E= 1.5 V 


1 H 

r = in 

E = 1 . 5 V 

V = 0.9V 

R = 3Q 

1 r = ? 

| 





Fig. 6.20 
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Current flowing in the circuit, / = ' _! 

-f / 3 + r 

p.d across cell, v = E-V = 1.5 0.9 = 0.6V 

v = 0.6 

Substitute v 1 Ir in the above 
lr = 0.6 

Substitute I = into above equation to obtain, ' - x r = 0 6 

3 + r 3 + ,- 


Cross multiply; 1.5r = 0.6(3+r) 

1.5r = 1.8 + 0.6r 
1 5r - 0.6r = 1.8 

1 s 

0.9r =1.8 Internal resistance, r = — 


Example 12 

An electric bell takes a current of 0.2A from a battery of two dry cells connected in series. 
Each cell has an e.m.f of 1.5V and an internal resistance of 1 .OH. 

(0 Calculate the effective resistance of the bell. 

(ii) What current would the bells take if the cells were arranged in parallel ? 

Solution 

(i) 


E,= 15V 1 

| 1 

-1.5V 

. 

1 

r, = 1.00 

Ty 

i on 

I 

Bell 





Fig. 6.21 


Let R be the resistance of the bell 

I = 0 2A 


Total e.m.f, E = E, + E? = 1.5 + 1 .5 = 3V 

Total internal resistance, r = r\ + r? = 1 + 1 = 2ft , Current, 


Substitute the above inlo 1 = 

0.2 = - 


E 

R+r 

3 


R+2 


Cross multiplying we have 

0.2(R+2) = 3 


0.2R + 0.4-3 
0.2R = 3 - 0.4 


0.2R = 2.6 


R = — = 13fl 
0.2 


00 


K, = 1.5V 



0.2A 
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H.tn f, lv f l-i = ] ,5V 

r = —16— = lil = — = (). SQ and R = 13Q 
r, + r, 1 + 1 2 

F l s 1 s 

. . Current, I = — = — — — = — = 0.1 1 A 
Rfr 1 3+0.5 13.5 


Example 13 

Two cells, each of e.m.f. 2V and internal resistance 0.5f2, are connected in series. 1 hey 
are made to supply current to a combination o I three resistors; one of the resistances 20 is 
connected in series to a parallel combination of two other resistors each of resistance 3Q 
Draw the circuit diagram and calculate: 

(i) Current in the circuit (ii) Potential difference across the parallel combination Oi 
the resistor, (iii) Lost volts of the battery. IVAEC 1998 

Solution 


Fig. 6.23 



Total e.m.f, E = 2 + 2 = 4V 

Effective internal resistance, r = 0.5 + 0.5 = 1 .Oft 

3x3 9 

Effective external resistance, R = 2 + = 2 + — = 2 + 1.5 = 3. 50. 

3 + 3 6 

E 4 4 

.*.!=- — = = — = 0.89A 

R+r 3.5 + 1 4.5 

p.d across parallel connection, V = 1R 


J A J 

(Total parallel resistance, R = — = 

V = 0.89 x 1.5 = 1.3V 
(iii) Lost volt = p.d across the battery 
= Ir = 0.89 X 1 = 0.9V 


Example 14 

An electric cell with nominal voltage, E has a resistance of 3ft connected across it. If the 
voltage falls to 0.6E, the internal resistance of the cell is? JA^B 2002 

Solution 


E,r 
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The nominal voltage, E is the e.m.f of the cell. 
The terminal p.d, V = 0.6E 
The resistance, R = 3f2 


The e.m.f of a cell, E, is equal to the sum of the terminal p.d, V, ard the lost volt, v 


>e E = V + v (1) 

or E = IR + ir 
Terminal p.d, V = IR 

0.6E = 31 (2) 


From Eqn(l), E = V + v 
The lost voltage, v = E - V 

v = E - 0.6E 
v = 0.4E 


Ir = 0.4E (3) 

From eqn (2), I = (4) 

0 4F 

From eqn (3), I = — — (5) 

r 

Equate eqns (4) and (5) 


0.6E _ 0.4E 
3 ” r 


_ 0.4Ex3 

Re-arranging, r = 

B 6 0.6E 


1.2E 

0.6E 


= 2 


Internal resistance, r = 2 O 


Example 15 

A cell can supply currents of 1 .2A and 0.4A through a 40 and 140 resistors respectively. 
Calculate the internal resistance of the cell. 

Solution 

This problem involves two instances (6.25 :a & b) as shown below) and two unknown 
quantities, that is, the e.m.f E and the internal resistance, r. 



1=0. 4A 

/ V 







Fig. 6.25 

R=40 


R=I40 



(a) 


(b) 


Substitute each of the above case into I = 

E 

R + r 



1 st case: 

1.2- E 

4+r 

!• 

E = 1.2 (4 + r) 

(1) 

2 nd case: 

0.4= E 

14-4- r 


E = 0.4 (14 + r) 

(2) 
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Equations 1 and 2 arc equaled and then solved simultaneously. 


1.2(4 + r) = 0.4 (14 4 r) 
4.8+ 1 2r = 5.6 -+ 0.4r 
5.6 -4.8 = 1.2r-0.4r 
0.8 = 0.8r 


r-^-LOO 

0.8 


Worthy of note is the fact that the c.m.f, E can be calculated by substituting the internal 
resistance, r = 1 .Oft into eqn 1 or 2 as follows 


(i) E - I.2(4+r) 

E = 1.2(441) = 1.2(5) - 6V 

(ii) E = 0.4(14 4 r ) 

E = 0.4(1441) = 0.4(15) = 6V 

Example 16 


R 



In the circuit diagram above, the ammeter reads a current of 3A when R is 5Q and reads 

6A when R is 2Q. The value of the unknown resistance X is 

A. 1 B. 2 C. 3 D. 4 JAMB 1 988 

Solution 

E 

From I = we modify and apply it to the diagram above, making r = X. 

R4-r 


1 = 


R+X 


0 ) 


] sl instance: I = 3 A, R = 5Q. substituting in (1), we obtain 

E 


3 =- 


5+X 


2T - 3(5 4 =15 4 32f 


( 2 ) 


2 nd instance: I = 6A, R-2f2 


6 = 


E 

2+X 


E 


substituting in (1), we obtain 

6(2 4 X) =12 4 6X (3) 


Equate equation (2) and (3) 

15 4 3X = 12 4 6X 
15-12 = 6X-3X 
3 = 3X 

x = 3 /_, - in 
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Example 17 


R 


Fip. 6.27 




«/Vien e p' rC 'l!^^i^® rain a ^° ve > the ammeter reads a current of 3A, when R is 5ft and 6A 
when R is 2ft. Determ.ne the value of X 

Solution Q C ‘° n 0 40 JAMB 2001 

n ^ are res * stors in parallel. The effective resistance is obtained from the equation of 
two resistors in parallel. 

r = _M^_ 

R,+Rj 

t Ri be the given resistance and R 2 the unknown resistance, X 
First instance: R = — — 


5fX 


for R| = 5ft, R 2 =X, I = 3A 


Second instance: R = f or R, = 2ft, R 2 =X, I = 6A 


From Ohm’s law, V = IR 
Substitute each case into I = V / R 


1 SI instance 


3 =-^ 

5X 


3 = 


V(5+X) 

5X 


5+X 

Mrke V the subject of formula, 

V -i5X 

5 + X 


( 1 ) 


2 nd instance 


6 = — 
2X 


6 = 


V = - 


2 + X 


Equate ( 1 ) and (2) 


15X 12X 


5+X 2 + X 


Cross multiply 


30X + 15X 
6 OX - 3 OX 
3 OX = 3X 2 

30 = 3X 


V(2+X) 

2X 


2+X 

Making V the subject of formula, 
12X 


60X+ 12X" 
15X 2 - 12X 2 


•( 2 ) 
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Example 18 

A cell of internal resistance, r supplies current to a 6.00 resistor and its efficiency is 75 A. 
Find the value of r. A. 4.50 B. 1 OQ C. 8.00 D. 2.00 JAMB 2001 

Solution 


Efficiency of a cell, E Poweroutput_ x , 00 
power input 

I 2 R 


E, = 3 
' I 2 (R +r) 


xlOO 


Er=- 


R 


{R + r) 


-xlOO 


A1 - P.d across external resistor ... 

Also, E f = xlOO 

} e.m.f of the cell 


R is external resistance(s) and r is internal resistance of the cell. Depending on the 
question, any of the above formula can be used to calculate efficiency of a cell. 


From the question, efficiency, E f = 75%; 

External resistance, R = 6.00. 

E f = — — — x-MO 
<R + r) 

Alternatively, we make r 

6 

the subject of equation 

75- v 1 on 

before substituting. 

' J — A 1 \f\J 

(6 + r) 

R(100 — E f ) 

75 _ 6 

r — 

E, 

100 (6 + r) 

_ 6(100-75) 

_ 6 

75 

0.75 = 

(6 + r) 

6x25 
r 

0.75(6 -f-r) = 6 

75 

4.5 + 0.75r = 6 

0.75r = 6-4.5 

0.75r = 1.5 

r = — = 20 

0.75 

r = 2£> 


Exflsplel9 

A resistor of resistance, R is connected across a cell. If the terminal p.d of the cell is 
reduced to one-quarter of its e.m.f., express the internal resistance, r of the cell in terms of 
R. A ECO 2004 

Solution 

e.m.f, E = V + v or E = IR + Ir 

t , E-IR 

Internal resistance r - — - — 

but terminal p.d, V * VaE (“. . . terminal p.d.. is one quarter of e.m.f. 

. E = 4V 

Substituting, r = ^ ^ (V = LR) 
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EXERCISE 6. 


*• A current of 100mA 
electricity transported is?A 


passes through 
. 200C B.50C 


a conductor for 2 minutes. 
C.12C D.0.02C 


The quantity of 


JAMB 1993 Ans:12C 



Calculate the effective resistance between P and Q in the diagram shown above. 

WAEC 2007 A ns: 4.00Q. 

■ P ara NeI combination of 30 and 40 resistors is connected in series with a resistor of 
and a battery of negligible resistance. Calculate the effective resistance in the circuit- 


al. 


WAEC 2000 Ans: 5-70 



Find the effective resistance in the diagram above. 

A. 60 B. 1 20 C. 1 80 D. 240 JAMB 2008 Ans: 24 Q 


5. 



Calculate the effective resistance between point X and Y in the diagram above. 

WAEC 1 994 Ans: 20 

6. Two resistors of resistance 60 and 40 are connected in parallel. A third resistor of 
80 is then connected in senes with the parallel connection. Calculate the effective 
resistance of the arrangement. WAEC 2005 Ans: 10.4 n 


73 


















10 . 



What is the resultant resistance of the circuit given above? 

AllO B. 8Q C. 4Q D. 3.6Q E. 4.3Q JAMB 1982 Ans 8n 

11. What is the resistance of the circuit shown below? 


2Q 



A.4Q B. lin C. ‘%n D. %Cl E. 80 JAMB 1984 Ans: 8fl 

12. Which of the following arrangement will produce an equivalent resistance of 1.5Q 

from three 1 Cl resistors. 
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13. 


20 



Fig. 631 ' 40 

Calculate the current I in the diagram shown above (neglect the internal resistance of the 
cell). WAEC 1995 (Ans: 1A) 


14. Using the data on the diagram below. Calculate the p.d across the 20£2 resistor. 
(Neglect the internal resistance of the cell) 



15. A car fuse marked 3 A operates optimally on a 12V battery, calculate the resistance 

of the fuse. WAEC 2004 Ans: 4.00Q 

16. A 12V battery supplies a current of 0.4A to a lamp. Calculate the resistance of the 

lai "P- NECO 2005 Ans: 30.00Q 

17. Three 5 ohm resistors connected in parallel have a potential difference of 60V 
applied across the combination. The current in each resistor is 

A. 4A B. 36A C. 12A D. 24A E. 10A JAMB 1978 Ans: 12A 

18. 



The effect of closing the key K in the circuit shown 
A. increase the current by 0.6 A 
C. reduce the current by 0.4A 

E. keep the current unchanged. 


above would be to 
B. reduce the current by 0.6A 
D. increase the current by 0.4A 
JAMB 1981 Ans: D 
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19 . 



The diagrams above show three circuits. The internal resistances of the batteries are 
negligible. Which of the currents is the largest? 

A. I, B. I 2 C. I 3 D. I 4 E I 5 JAMB 1983 Ans: I 5 

20. A 24V potential difference is applied across a parallel combination of four 6 
resistors. The current in each resistor is? 

A. 1A B.4A C. 16A D. 18A E. 36A JAMB 1983 Ans: 16A 

21 . 



Calculate the current I in the diagram above (neglect the internal resistance of the cell). 

WAEC 1994 Ans: 1= 1.0A 



I fig 6 42 E is an accumulator with negligible internal resistance. If the e.m.f is 9.0V 
0A D. 1.8A JAMB 1986 Ans: 1.0A 

^ Th ee resistors with resistances 250ft, 500ft and lkft are connected in series A 6V 
onnected to either end of the combination. Calculate the potential difference 

A^O?OV the rO S 86V 1 ^ 5 C 5 1°71 V S,S D. 3.43V JAMB 1989 Ans: 0.86V 


JAMB 1989 Ans: 0.86V 
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24 . 




In the diagram above, the current is 

A. | B. ± C. % D. f JAMB 2001 Ans: 9 /,, or 0.82A 

26. 



2V 


Using the data in the circuit illustrated above, calculate the value of R. 

WAEC 1991 Ans: 5Q 

27. A battery of e.m.f E and negligible internal resistance supplies a current I to the 
combination of two resistances R| and Rj as shown in the diagram below. Calculate the 
current through R 2 . 



Fig. 6.46 


WAEC 1994 Ans: ^ 
















ZH. A ecu OI c.m.i i.dv and internal resistance ot is connccieu m 

ammeter of resistance 0.5Q and a resistor of resistance 7. Of 2. Calculate current in the 

circuit. WAEC. 1990 Ans: 0.1 5A 

29. A battery of e.m.f 10V and internal resistance 2Q is connected to a resistance of 6£2. 

Calculate the p.d across the terminals. WAEC 1 994 Ans: 7.5V 

30. What is the potential difference between X and Y in the diagram below if the battery 
is of negligible internal resistance? Calculate the current in the 312 resistor. 

WAEC 1995 Ans: 3V 1 .0A 



0 


31. Calculate the terminal p.d across 2012 resistor connected to a battery of e.m.f 15V 

and internal resistance 512 WAEC 1997 Ans: 1 2 V 

32. Two identical cells each of e.m.f 2V and internal resistance 1.012 arc connected in 

parallel. The combination is connected to an external load of 1.512, calculate the current 
in the circuit. WAEC 2Q03 Ans: 1.0A 

33. Four identical cells each of e.m.f and internal resistance r are connected in series with 
a resistance R. Write down the formula for the current in the circuit. 



Fig. 6.48 


In the diagram above, the current passing through the 612 resistor is 1.5A. Calculate the 
(i) current in the 312 resistor (ii) terminal p.d. of the battery. 

WAEC 2000 Ans: (i) 0.6A (ii) 10.8V 

35. In the circuit shown below, the cell P has an e.m.f 1.5V and an unknown internal 
resistance r while the cell Q has an e.m.f 2.0V and an internal resistance 112 If the 
ammeter reads 50mA, then r is equal to? A. 0.5 ohms B. 0.62 ohms C. 1.0 ohms 
D. 2.0 ohms E. 3.0 ohms JAMB 1979 Ans: 212 


P 1.5V Q 2.0V 



36. An electric cell has an internal resistance of 212. A current of 0.5A is found to flow 
when a resistor of 5 12 is connected across it. What is i he e.m.f. of the cell? 

A. 5 volts B. 3.5 volts C. 2.5 volts I). 1 volts E. 10 volts 
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jajvid /y/y ah^. j.j v 

37. A cell of c.m.f 2V and internal resistance IQ supplies a current of 0.5A to a 
resistance whose value is 

A. 0,5Q B. Ifi C. 2 0 D. 2.5 0 E. 3 O JAMB 19S1 Ans: 30 

38 . A high-resistance voltmeter reads 3.0V when connected across the terminals of a 

battery on open circuit and 2.6V when the battery supplies a current of 0.2A through a 
lamp. The resistance of the lamp is A , 2.00 0 B. 13.00 0 

C. 0.52 O D.013O E.1.50O JAMB 1982 An s: 13.000 

39 . The difference of potential between the terminals of a cell is 2.2 volts. When a 40 

resistor is connected across the terminals of this cell, the p.d is 2 volts. What is the 
internal resistance of the cell? A. 0.10 ohms B. 0.25 ohms C. 0.40 

ohms D. 2.50 ohms E. 4.00 ohms JAMB 19S3 Ans: 0.40 

40 . Two cells, each of e.m.f 1.5V and an internal resistance 20 arc connected in parallel 
Calculate the current flowing when the cells are connected to a lO resistor 

A. 0.75 0 B. 1.5 0 C. 0.5 0 D. 1.0 0 E 0 6 O JAMB 1984 Ans: 0.750 

41. Three cells of e.m.f 1 ,5 V and an internal resistance of 1 .00 are connected in parallel 
across a load resistance of 2.670. Calculate the current in the load. 

A. 0.26A B. 0.41 A C. 0.50A D. 0.79A JAMB 1990 Ans: 0.5A 

42. 



The internal resistance of each of the cells E| and E? shown in the figure above is 211 
Calculate the total current in the circuit. 

A. 0.80A B 0.50A C. 0.40A D. 0.004A JAMB 1991 Ans: 0.4A 

43 . 


120 



In the circuit diagram above, calculate the current in the 120 resistor if the cell lias an 
e.m.f of 12V and an internal resistance of lO. 

A. 0.8A B. 1.0A C. 1.6A D. 2.4A JAMB 1994 Ans: 0.8A 

44 . A 12V battery has an internal resistance of 0.50. If a cable of 1.00 resistance is 
connected across the two terminal of the battery, the current drawn from the batten is 

A. 16.0A B. 8.0A C. 0.8A D 0.4A JAMB 1995 Ans: S.OA 

45 . Three electnc cells each of e.m.f 1.5 V and internal resistance 1.00 are connected in 
parallel across an external resistance of 2 / 3 0. Calculate the value of the current in the 
resistor. A. 0.5A B. 0.9A C. 1 5A D. 4.5A 

JAMB 1997 Ans: 0.9A 

46 . Four cells each of c.m.f 1.5V and internal resistance of 40 are connected in parallel. 
What is the effective e.m.f and internal resistance of the combination? 
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A. 6.0V, 16 ft 


B. 6.0V, 1 Q C. 1.5V, 4Q D. 1.5V. in 

JAMB 1999 Ans: 1.5V, 1 .On 



Fig. 6.52 ( I J 

2v, in 

In the diagiam above, the values of V] and V 2 are respectively? 

JAMB 2000 Ans: IV, 2 / 3 V 

48. A radio is operated by eight cells each of e.m.f 2.0V connected in series. If two of 
the cell are wrongly connected, the net e.m.f of the radio is 

A. 16V B. 12V C. 10V D. 8V JAMB 2000 Ans: 12V 

49. A cell whose internal resistance is 0.50 delivers a current of 4A to an external 
resistor. The lost voltage of the cell is 

A. 1.250V B. 8.000V C. 0.125V D. 2.000V JAMB 2004 Ans: 2.0V 

50. A resistance R is connected across the terminal of an electric cell c. t internal 

resistance 2Q and the voltage was reduced to j of its nominal value. The value of R is 
A.3 0 B.2Q C 1 Q. D.6 0 JAMB 200 J Ans: 3Q 

51 . A cell supply current of 0.8 A and 0.4A through a 2 Cl and 5Q resistor respectively. 
Calculate the internal resistance of the cell. WAEC 1988 Ans: 1.0Q 

52. A cell supplies current of 0.6A and 0.2A through 1.0Q and 4.0f2 resistors 
respectively. Calculate the internal resistance of the cell. WAEC 2005 Ans: 0.5Q 

53. A cell gives a current of 0.1 5 A through a resistance of 8Q and 0.3A when the 
resistance is changed to the internal resistance of the cell is 

A. 0.05 Q B. 1.00 Q C. 1.50 H D. 2.00 Cl E. 2.50 Cl JAMB 1985 Ans: 2Q 

54 . The terminal voltage of a battery is 4.0V when supplying a current of 2.0A and 2.0V 
when supplying a current of 3.0A. The internal resistance of the battery is 

A. 0.5Q B.1.0Q C. 2.0 0 D. 4.0 Q JAMB 1993 Ans: 2 Q 

55 . A cell can supply currents of 0.4A and 0.2A through a 4.0C2 and 10. 0Q resistors 
respectively. The internal resistance of the cell is 

A. 2.0 Q B. 1.00 C. 2.5 0 D. 1.5 0 JAMB 2001 Ans: 2^ 

56 . 

R 



Fie. 6.53 


What is the value of R in the diagram above? 

A. 30 B. 4 0 C .50 D.60 

57. 


JAMB 1986 Ans: 6Q 
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In the circuit above, the ammeter reads a current of 5.0A 
when R = 50. The value of the unknown resistance X is 
A. 10. 0 0 B. 7.5 n C. 5.0 0 D 2.5 n 


when R-8£2 and reads 
JAMB 1999 Ans: 2.5£2 


7.0A 


58. 


Fig. 6.55 


3ft 



12V 


From the diagram above, determine the value of the resistance X. 

A. 9 0 B. 12 0 C. 15 0 D. 6 0 JAMB 2002 Ans: 150 

59. A cell of internal resistance lO supplies current to an external resistor of 30. The 
efficiency of the cell is? A. 75% B. 50% C. 33% D. 25% JAMB 2000 Ans: 75% 

60. A cell of internal resistance 20 supplies current to a 60 resistor. The efficiency of 
the cell is A. 12.0% B. 25.0% C. 33.3 % D. 75.0 % JAMB 1988 Ans: 75% 

61. A chemical cell of internal resistance lO supplies electric current to an external 

resistance 30, calculate the efficiency of the cell. WAEC 2005 Ans: 75% 

62. A cell of e.m.f 1.5V and internal resistance 1.00 is connected to two resistors of 
resistance 2.00 and 3.00 in series. Calculate the current through the resistors. 

WAEC 2006 Ans: 0.25 A 

63. Three identical cells each of e.m.f 1.5 V and internal resistance 1 .00 are connected 
in parallel across an internal load of resistance 2.670. Calculate the current in the load. 

NEC0 2007 Ans: 0.50A 

64. A cell supplies a current of 0.6A through a 2 O-resistor and a current of 0.2 A 
through a 7 O-resistor. Calculate the internal resistance of the cell. 

NECO 2008 Ans: 0.5 Q 


65. 



The cells each of e.m.f 1.5 V and internal resistance of 2.50 are connected as shown in the 
diagram above. Find the net e.m.f and the internal resistance. 

A. 4.5V, 0.830 B. 4.5V, 7.50 0 C. 1.5V, 0.83 0 D. 1.5V, 7.50 0 

JAMB 2007 Ans. C 

66. A resistor of resistance R is connected to a battery of negligible internal resistance 
If a similar resistor is connected in series with it the 

A. effective resistance of the circuit is halved. 

B. total power dissipated is doubled. 

C. total current in the circuit is halved. 

D. terminal voltage is halved WAEC 2009 38 Ans: C 
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67 . 



Fig. 6.57 

Calculate the c.m.f of the cell in the above circuit if its internal resistance is negligible. 

A. 12V B. 8V C 2V D. 36V JAMB 2009 40 Ans: B 

68. A cell of c.m.f \ .5 V is connected in series with a resistor of resistance 3. OH. A 

voltmeter connected across the cell registers 0.9V. Calculate the internal 
resistance of the cell. WAEC 2009'™ Ans: 2H 

69. A battery of c.m.f 12.0V and internal resistance 0.5 ft is connected to 1 .5 ft and 
4.0 H series resistors. Calculate the terminal voltage of the battery. 

WAEC 2009 41 Ans: 1 1 V 

70. When a resistor of resistance R is connected across a cell, the terminal potential 
difference of the cell is reduced to the three-quarters of its e.m.f. The cell’ 
internal resistance in terms of R is 

A. ft / 4 B. r / 2 C. r / 2 D. 2r / 3 E. R 

NECO 2009 J " Ans:B 

71. Determine the p.d across the load in the diagram below, if the ammeter is of 

negligible internal resistance. NECO 2009 44 Ans: 10.7V 



72. A cell of electromotive force E and internal resistance r is connected in series with 
an ammeter and an external load of resistance R. Derive an expression for the 
power dissipated by the external load in terms of the parameters. 

NECO 2009 E7 Ans:-^-r 

(R + r)* 
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7 

ELECTRICAL ENERGY AND POWER 


ELECTRICAL ENERGY 

Electrical energy (W) = quantity of charge (Q) X Potential difference ( V) 


W = QV 

(i) 

Substituting Q = It into (1) we have 


W = IVt 

(2) 

Substituting V = IR into (2) we have 


w - r’Rt 

(3) 

Substituting I = V / R into (3) we have 


3: 

ii 

*|5 

(4) 


So, Electrical Energy can be calculated using any of these equations. 

W = QV = IVt = l 2 Rt = — 

R 


ELECTRICAL POWER 

Electrical energy transferred (W) 

Electrical Power (P) » — — - 

Time taken (t) 



t 


Substituting W = QV into (5) we have 



t 


Substituting W = IVt into (5) we have 



t 


Substituting W = I 2 Rt into (5) we have 



Substituting I = V / R into (8) we have 

* v 2r v 2 

R 2 R 


(5) 

( 6 ) 

..(7) 


( 8 ) 

(9) 


So, Electrical Power can be calculated using any of these equations. 


W QV 

t t 


IV 


l 2 R 


R 


Where, W = electrical energy in Joules (J) 

P ~ electrical power in watts (W) 

I = cun-ent in amperes (A) 

V = potential difference in volts (V) 
R = resistance in ohms (Q) 

Q = quantity of charge in coulomb (C) 
t = time in seconds (s) 
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ELECTRICAL HEAT ENERGY 


Electrical Heat energy, H = l 2 Rt. This is in agreement with Joule’s law of electrical 
heating which states that the heat energy produced in a wire as a result of electnca 
current passing through it is proportional to 
( 1 ) the resistance of the wire, R 

(ii) the square of the current, I 2 

(iii) the time (t) 

So, electrical heat energy can be calculated using any of the three equations 

_ V 2 t 

H = l=Rt = IVt = — — = Pt 
R 

Example 1 

A work of 30 Joules is done in transferring 5 milli-coulombs of charge from a point B to a 
point A in an electric field. What is the potential difference between B and A? WAEC 1990 
Solution 

Energy or work done in an electric field, W = QV 
Given: work done, W = 30J; charge, Q = 5mC = 5 X 10* 3 C 

W 30 

Potential difference, V = — = — : = 6.0 x 1 0 3 V 

Q 5x10 


Example 2 

Calculate the resistance of the filament of a lamp rated 240V, 40W. WAEC 1 990 

Solution 

Given ; potential difference, V = 240V Power, P = 40W 


P 



Resistance, R = - 


R = 


240- 

40 


57600 

40 


= 1440*2 


viTi 


Example 3 

The maximum power dissipated by a 100*2 resistor in a circuit is 4W. Calculate the 
voltage across the resistor. WAEC 2003 

Solution 

Given : Power, P = 4W; resistance, R = 100*2 

V 2 , 

p= V 2 = P x R 

R 

V = >/PxR=V4xl00 = V400 = 20V 


Example 4 

An electric iron is rated at 1 000 watt^ 250V. The corresponding maximum resistance and 

accompanying current is A. 62. 5A, 4.0*2 B. 16.0A, 62.5 *2 

C. 62.5 A, 1 6.0 *2 D. 4.0A, 62^p v/ 5. 4.0A, 250 *2 JAMB 1982 Ans. D 

Solution 

Given: Power, P = 1000W, voltage, R = 250V. 

, P 1000 . -<■ 

P = IV . current, / = — = T - 4 A 

V 250 


P = I R . resistance, 


• ".'I* <!’»*:; . M’lj 

_ P 1000 1000 

A - — - — = 


= 62.5*2 


Ans :62.5*2, A A 
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Example 5 . f 

When connected to a mains of 250V, the hise rating in the plug of an electric device ol 
lkWisA. 4A B. 2A C. 5A D. 3A JAMB 2002 A ns: 4 A 

Solution 

The fuse rating is the maximum safe current a fuse can take before breaking. 

Given: Power, P = IkW = 1000W, p.d., V = 250V 

D ... , P 1000 

P = I V current, I - — = = 4 A 

V 250 


Example 6 


4Q 



Calculate (i) the rate of energy consumption; (ii) the total heat energy developed in 15 
minutes; in the circuit illustrated by the diagram above. 

Solution 

(i) Rate of energy consumption = Power used 

Power, P = IV = I 2 R 

4x4 

Current, I = 2.5A, Effective resistance, R = 20, 

4-4 

P = I 2 R = 2.5* x 2 = 12.5W 

(ii) Given, I = 2. 5 A, R- 2Q, time, t = 15 X 60 = 900sec. 

Heat energy, H = I 2 Rt 

H = 2.5 2 X 2 x 900= 11250J 



In the diagram above, three identical lamps each of 100W are connected in parallel across 
a p.d of 250V. Calculate the reading of the ammeter. WAEC 1 993 

Solution 

Potential difference, V = 250V; Power, P = 100W each across each lamp. 

From P = IV 

P 100 

Current through each lamp, / = — = = 0.4 A 

The ammeter reads the total current from the 3 lamps, therefore total current is 

3x0. 4 A = I.2A 
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Example 8 

In the diagram below, X and Y arc resistance 412 and 612 respectively. If power 
dissipation in X is IOW, then what is the power dissipation in Y? 

X 


FI*. 7.2 


A. 2.4W B. 4.0W C. 6.0W D. 6.7W E. I5.0W JAMB 1 984 Ans: 6. 7 W 

Solution 

D Voltage 2 V 2 

Powct = 5 — ]. e . P = — 

Resistance R 

For resistor X, P = 1 0 W and R = 4f2 



V 2 

From P = — , the p.d across the 4£2 resistor is 
R 

V 2 = PxR = 10x4 


V 1 =40 


V 40 = 6.32K 

The p.d across Y is also 6.32V because the resistors are connected in parallel. 
For resistor Y, V = 6.32V and R = 612 
V 2 

From P = — , Power dissipated in Y is 



6.VV 


Example 9 

1012 15Q 


I 

Fig. 7.4 

In the diagram above, X and Y are resistance 10Q and 15f2 respectively. If the power 
dissipation in X is 40W, then what is the power dissipation in Y? 

Solution 

From P = I 2 R, the current through the circuit is, I 2 = % 

For resistor X; P = 40 W and R = 10f2 




C ircuit current. 


I = V4 = 2A 
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For resistor Y, R = 15ft and I=2A 

Power dissipation in Y is P= I 2 R = 2 X 15 

= 60W 


Example 10 


6Q 



In the diagram above, the ratio of the electric power dissipated in the 6ft and 3ft resistors 
respectively is A. 2:3 B. 1:2 C. 1 :3 D. 2: 1 

JAMB 2004 Ans: 1:2 

Solution 


Effective circuit resistance, R = 


R,R, 


3x6 


/?, 4- Rj 3 + 6 


= 20. 


Current through 3ft resistor, I = — = — = 4A 

R 3 

Power dissipated in 3ft resistor, P = I 2 R 

= 4 2 X 3 
= 48W 
V 12 

Current through 6ft resistor, I = — = — = 2A 

R 6 

Power dissipated in 6ft resistor, P = I 2 R 

= 2 2 X 6 
= 24W 

Ratio of power dissipation in 6ft and 3ft is 24: 48 or 1 : 2 


Example 1 1 

A portable generator is connected to six 100W lamps and a 600 W amplifying system. 
How much energy is consumed if the generator runs for 6 hours? WAEC 1989 

Solution 

Energyconsumed(W) 

i OWCl| i _ . 

Time taken (t) 

Energy consumed, W = P X t 
Power consumed by lamps = 6x1 00W = 600W 
Power consumed by amplifier = 600W 
Total power consumed, P = 600 + 600 = 1200W 
Time taken, t = 1 hr 
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W = P X t= 1200 X 1 = 1200 Wh = 1.2kWh 

Example 12 

An electric kettle, connected to a 240V mains produces 6.0 x 10 J of heal energy to boil a 
quantity of water in 5 minutes. Find the resistance of the kettle. 

A. 14.412 B. 28.8H C. 144ft D. 28812 E. 2880Q JAMB 1985 Ans.28.8Q 

Solution 

Given : H = 6.0 X 10 5 J; V = 240V; t = 5min = 5 X 60 = 300sec. 


V 2 t 

Electrical heal energy, H - IVt 

R 

V 2 t y 2 t 

H =— — Resistance, /? = 

R H 


240 2 x 300 
6 .0xl0 5 


1.728x 10 7 
6 .0xl0 5 


28.8Q 


Example 13 

Calculate the time in which 4.8kJ of energy would be expended when an electric heater of 
resistance 1.8 x 10 3 £2 is used on a 240V mains supply. WAEC 1992 

Solution 

Energy, W = 4.8kJ = 4800J; resistance, R = 1.8 x 10 3 12; Potential difference, V = 240V 


W 

t 


W 

P 


w 

X 2 . 

R 


WR 4800 x 1.8 xlO 3 f en 

t = —7- = = 1 50 s 

V 2 240 2 

V 2 / 

Alternatively , we could use H = 

R 


f 

P 

V 


vM 

R 


time, t = - 


HR 4800x1. 8xl0 3 
240 2 


= 150 ^ 


Example 14 

A working electric motor takes a current of 1.5A when the p.d across it is 250V. If its 
efficiency is 80%, the power output is 

A.300.0W B. 469. 0W C. 1 33.0W D. 4.8 W JAMB 2001 Ans: 300W 

Solution 

Given: E = 80%, current, I = 1.5A, voltage, V = 250V 
Pj = IV = 1.5 x 250V = 375W 

power input 
E = — xl00 

P. 

„ „ ExP 80x375 

Power output, P n = L = =300W 

0 100 100 


Example 15 

An electric lamp is rated 240V, 40W. What is the cost of running the lamp for 72hr if the 
electricity authority charges N2.50 per kWh? WAEC 2005 

Solution 

Given: Power, P = 40W; time, t = 72hr 

W = 40 x 72 = 2880Wh = 2.880kWh 
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Energy consumed, W - P X t 



I 


Cost of electrical energy (Cp) = cost per kWh X electrical energy consumed in k 
Cost of running lamp = N2. 50/kWh X 2.880kWh 
= N7.20 


Example 16 

An electric heater takes 4A when operated on a 250V supply. What is the cost of t e 
electricity consumed at 10k per kWh when the heater is used for 5 hrs* NECO 2002 

Solution 

Given: I = 4A; V = 250V; time, t = 5hr 
P = IV Power, P = 250 X 4 = 1000W 
Energy consumed, W = P X t = 1000 X 5 = 5000 Wh = 5kWh 
10 & 

Cost of electricity = x5 kWh = 50 k 

kWh 


Example 17 

A land lord has eight 40W electric light bulbs, four 60W bulb and two 100W bulb in his 
house. If he has all the points on for five hours daily and if NEPA charges 5k per unit, his 
bill for 30 days is 

A.N5.70 B.N7.25 C.W3.65 D. N8.05 E. W.50 JAMB 1979 Ans: U5 JO 

Solution 

Total power consumed = (8 X 40W) + (4 X 60W) + (2 X 100W) 

= (320 + 240 + 200) W 
= 760W 


Total time taken = 5hr/day X 30 days = 1 50hrs 

Electrical energy used (kWh) = Power consumed X time taken 

= 760 W X 150hr 
m 11 4000 Wh 
= 1 14kWh 

Cost of electricity = 5k/kWh X 1 14k Wh = — xl 14k Wh 

kWh 

= 570k 
= N5.70k 


EXERCISE 7 

1. Find the work done in moving a 2C charge between two point X and Y in an electric 
field if the potential difference is lOOVolts. 

A. 50 J B. I00J C. 200J D. 400J JAMB 1998 Ans: 200J 

2. Calculate the power delivered by a 3-phase line if its voltage and current are 132kV 

and 60A respectively. WAEC 1996 Ans: 7.92 x 10 ( ‘W 
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3 . An electric bulb is rated 60W, 220V. Calculate the resistance of its filament when it 

is operating normally. WAEC 200! Ans: 806.670 

4. A lamp is rated 240V, 60W, calculate the resistance of its filament. 

WAEC 2003 Ans: 9600 

5. Calculate the resistance of the filament rated 240V, 60W. 

WAEC 1998 Ans: 9600 

6. An electric kettle contains a 720W heating unit, calculate the current it takes from a 

240V mains. NECO 2004 Ans: 3A 

7. Two lamps rated 40W and 220V each are connected in series. The total power 
dissipated in both lamps is A.10W B. 20W C. 40W D. 80W E. none of the above 

JAMB 1978 Ans: 80W 

8. The bulb of a motor cycle head lamp is marked 40W, 6V. The resistance of the 
filament when it is switched on is? 

A. 6 2 /40 2 ohms B. 40/6 2 ohms C. 40/6 ohms D. 6x40 ohms E. 6 2 /40 ohms 

JAMB 1979 Ans: 0.90 or t^ g ohms 

9. The resistance of a 240V, 60watts electric filament bulb is 

A. 0.2512 B. 480ft C. 60ft D. 2400 E. 960ft JAMB 198) Ans: 960ft 

10 . Which of the following is most suitable for protecting the circuit of a 2000W electric 
iron connected to a 250V mams? 

A. 13A B. 8A C. 5A D. 3A JAMB 1990 Ans: 8A 

11. A lamp is rated 240V, 60W. The resistance of the filament is? 

A. 960ft B. 16ft C. 15ft D. 4ft JAMB 1990 Ans: 960ft 

12. An equipment whose power is 1500W and resistance is 375 ohms would draw a 
current of A. 0.10A B. 2.00A C. 4.00A D. 77.5A JAMB 1991 Ans: 2A 

13 . Which of the following apparatus will require the smallest fuse rating for its 
protection? A. 60W, 240V B. 60W, 40V C. 40W, 12V D. 40W, 5V 

JAMB 1992 Ans: A 

14 . A 40W instrument has a resistance of 90ft. On what voltage should it be operated 
normally? A. 60V B. 150V C. 225V D. 3600 V 

JAMB 1993 Ans: 60V 

15. If the maximum voltage across a 100 ohm resistor is 20V, then the maximum power 
it can dissipate is A. 5.00W B. 4.00W C. 2.00W D. 0.25W 

JAMB 1995 Ans: 4W 

16 . A 3000W electric cooker is to be used on a 200V mains circuit. Which of the fuses 

below can be used safely with the cooker? A. 2A B. 5 A C. 10A D. 20 A 

JAMB 1999 Ans: 20 A 

17. An electric generator with a power output of 3.0kW at a voltage of 1 .5kV distributes 
power along cables of total resistance 20.0ft. The power in loss the cable is A. 0. 1 W B. 
10.0W C. 40.0W D. 80.0W 

JAMB 2000 Ans: 80.0W 

18. An electric iron is rated 1000W, 230V. What is the resistance of its element? 

A. 57.6ft B. 55.9ft C. 52.9ft D. 51.9ft. JAMB 2002 Ans: 52.9ft 

19. Calculate the total heat energy developed in 5 minutes by the system below 


40Q 
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20 



Calculate the rate at which energy is used up in the circuit illustrated by the diagram 
above. WAEC 1992 Ans: 2W 

21. Three identical lamps each of power 100W are connected in parallel across a 
potential difference of 250V. Calculate the current in the circuit. 

WAEC 2001 Ans: 1.2 A 


22 . 


10 



In the diagram above, current (I) passes through the parallel combination. If the power 
dissipated in the 5Q resistor is 40 W, then the power dissipated in the 10Q resistor is 
A. 10W B. 20W C.40W D. 80W E. 100W JAMB 1985 Ans: 20W 
23 . 



In the diagram above, if each of the resistors can dissipate a maximum of 18W without 
becoming excessively heated, what is the maximum power that circuit can dissipate? 
A.27W B. 18W C.9W D. 5W JAMB 2003 Ans: 27W 

24 . 



The total power drawn from the cell in the circuit diagram above is 

A. 12W B. 24W C. 32W D. 40W JAMB 1989 Ans: 24W 

25 . Two resistors, R| = 4 Q and R 2 = 5Q arc connected in parallel across a potential 
difference. If Pj and P 2 represent the power dissipated in Rj and R> respectively, then the 
ratio P,:P 2 is A. 4:5 B. 5:4 C. 16:25 D.25:16 

JAMB 1994 Ans: 5:4 

26 . A lamp is marked 220V 60W. Calculate the energy it would consume when 

connected to a 220V source for 1 hour. WAEC 1988 Ans: 216000J 

27 A potential difference of 6V is used to produce a current of 5A, for 200s thiough a 
heating coil. The heat produced is A. 4800 cal B. 6000 cal 

C.2400J D. 240k cal E. 6000 J JAMB 1978 Ans: 6000J 
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28 . A stand by generator is connected to fifteen 40W lamps and a musician's 600W 
amplifying system. How much energy is used if the generator runs for 6 hours A. 
3.84kwh B. 7.20kwh C 8.40kwh D. 12.00kwh E. 14.56kwh 

JAMB 1980 Ans: 7200Wh =7.2kWh 

29. A current of 0.5A flows through a resistor when connected to a 40V battery. How 
much energy is dissipated in 2 minutes? 

A. 1200J B. 1 500 J C. 2400 J D. 96000 J JAMB 1987 Ans: 2400J 

30. An electric current of 2 amperes flows in a heating coil of resistance 50 ohms for 3 
minutes 20 seconds. Determine the heat produced. 

A. 0.5kJ B. 8. OkJ C. 20.0kJ D. 40.0kJ JAMB 1995 Ans: 40.0kJ 

31 . What is the total electrical energy consumed by using an electric cooker rated 1000W 

for 5hrs? A. 5.3 x 10 3 J B. 6.5xl0 3 J C. 1.8 x 10 7 J D. 2.3xl0 7 J 

JAMB 1997 Ans: 1.8 x 10 7 J 

32 . Electricity is supplied to a school along a cable of total resistance 0.5Q with the 
maximum current drawn from the mains as 100A. The maximum energy dissipated as 
heat for lhris A. 3.6 x 10 3 J B. 5.0xl0 3 J C. 3.0xl0 5 J D. 1.8xl0 7 J 

JAMB 1998 Ans: 1.8 x 10 7 J 

33. A bread toaster uses a current of 4A plugged in a 240 volts line. It takes one minute 
to toast slices of bread. What is the energy consumed by the toaster? 

A. 5.76 x 10 4 J B. 1 .60 x I0 4 J C. 3.60 x I0 3 J D. 1.60 x 10 2 J 

JAMB 2001 Ans: 5.76 . 0 4 J 

34. An electric iron is rated 500W,200V calculate the : 

(i) current required to operate the iron, 

(ii) heat generated in 30 minutes. NECO 2006 Ans: (i) 2. 5 A (ii) 9.0 x 10 5 J 

35. A lamp marked 100W, 250 V is lit for 10 hours. If it operates normally and lkWh of 
electrical energy cost 2k, what is the cost of lighting the lamp? 

WAEC 1994 Ans: 2k 


36. A man uses a 900 W electric iron to press his cloth for an average of 4 hours a week 

for 5 weeks. If the cost of electrical energy is 30 kobo per unit, calculate the cost of 
energy for pressing. WAEC 2005 Ans: 540k 

37. An electric iron rated 250V has a coil of resistance 1 250. What is the cost of using it 

for 1 hour at 10k per kWh. NECO 2000 Ans: 5.00k 

38. Find the cost of running a 60W lamp for 24hrs, if 1 kWh cost 5 Naira 

WAEC 2004 Ans: W7.20 

39. An electric heater takes 4A when operated on a 250V supply. What is the cost of the 
electricity consumed at 10k per kWh when the heater is used for 5 hours. 

NECO 2002 Ans: 50k 

40 . If NEPA charges 5k per kWh, what is the cost of operating for 24hours a lamp 
requiring 1 A on a 200V line? 

A. 24k B. 55k C. 40k D. 26k E. 32k JAMB 1978 Ans:24k 

41 What is the cost of running Five 50W lamps and four 100W lamps for 10 hours if 
electrical energy costs 2 kobo per kWh? A. W0.65 B. W0. 13 C. W .90 
D. W39.00 E. W234.0 JAMB 1 984 Ans: W0. 1 3 or 13k 

42 . A household refrigerator is rated 200 watts. If electricity cost 5k per kWh, what is 
the cost of operating it for 20 days. 

A. W4.80 B. W48.00 C. W480.00 D. W4800.00 

JAMB 1988 Ans: W4.80 


43. Which of the following instruments consumes the highest current? 


A 

B 

C 

D 


Instruments 


Electric iron 
Television set 
Torch light 
Immersion heater 


Voltage Rating 


250V 

220V 

6V 

110V 


Power Rating 


lkW 

now 

30W 

500W 


JAMB 1988 Ans: C 
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44. The cost of running five 60W lamps and four 100W lamps for 20 hours if electrical 

energy cost *410.00 per kWh is A. *4280.00 B. N160.00 C. W120.00 D. 
*4140 000 JAMB 2001 Ans:W140.00 

45. An electric lamp rated 1 20V is used on a 240 V rfBi , calculate the resistance 

of its filament. WAEC 2006. Ans: 4800. 

46. A steady current of 2A flows in a coil of e.m.fi 12V for 0.4s. A back e.m.f 

of 3Y was induced during this period. The stored energy in the loop that can be utilized 
is: A. 7.2 J B 12.0 J C. 2.4 J D. 9.6 J JAMB 2004 42 Ans. 7.2 J 

Hint: £ - I(V, - Vi)' 


47 - A bulb marked 240V, 40W is used for 30 minutes. Calculate the heat 

generated. WAEC 2007 43 Ans. 72000J 

Five 80-W and three 100-W lamps are run for 8 hours. If the cost of 
energy is N5.00 per unit, calculate the cost of running the lamps, f ! unit = kWh] 

WAEC 2007 Ans. A 128. 00 

^ An electric generator has an e.m.f of 240V and an internal resistance of 

lfi. If the current supplied by the generator is 20A when the terminal voltage is 220V, 
find the ratio of the power supplied to the power dissipated. 

A. 11:1 B. 1:11 C. 12:11 D. 1 1:12 JAMB 2008 Ans: 12:11 nine. E:V 

50. A generator is on daily use and in the process ten 60W and five 40W tungsten 

bulbs are on for the same time interval. The energy consumed daily is 

A. 0.9kWh B. 1.92 kWh C. 9.60 kWh D. 19.20 kWh 


JAMB 2008 Ans: 19.20 kWh 

51. A man has five 60 W bulbs and a 240 W water heater in his apartment. If the bulbs 
and the water heater are switched on for four hours daily and the cost of electricity is *4 
1 .20 per kWh, calculate his bill for 30 days. NECO 2008 Ans: N 77 . 76 

52. An electric lamp marked 240V, 60W is left to operate for an hour. How much 
energy is generated by the filament? A. 3.86 x 10 5 J B. 3.56 X 10 5 J 

C. 1.80 X 10 4 J D. 2.16 X 10 S J JAMB 2009 41 Ans: D 



1 


SCALARS AND VECTORS 

Scalar quantities arc those quantities which arc described by their size or 
magnitude only. They have no direction. Examples are temperature, speed, distance, 
time, mass etc. 

On the other hand, vector quantities are those quantities which can be described 
by their size or magnitude and direction. Examples are force, velocity, acceleration, 
pressure, displacement etc. 


VECTOR ADDITION 

While scalars can be added or subtracted easily (e.g. 40kg + 50kg - 90kg or 3m - 2m = 
1m), vector addition takes into consideration not only the magnitude blit the direction ot 
the vectors. The method of calculation also depends on whether the vectors are acting in 
a straight line or at an angle to each other, illustrated by the following typical eases. 

A. (i) Two Parallel Forces Acting in the Same Direction. 


► 100N 

* SON 

The resultant force, R = 100 + 80 = 180N 

Fig 1.1 

(ii) Two Forces Acting In Opposite Direction in a Straight Line 


SON - 


The resultant force, R = 100 SO = 20N 

Fig 1.2 


100N 


B. Two Forces Acting Perpendicularly (At Right Angle Or 90°) To Each Other 

4 


h 90 ° ¥ 

Fig. 1.3 

The resultant (R) is the diagonal of the rectangle (If T, and 1\ are not equal to 
each other) or the square (If /•]' = l^) as shown below. 


Fig. 1.4 



95 





1 lie resultant R, is found using Rylhagoras theorem as follows. 

H 2 = f q + iq ()r R = 71 

I lie direction (to the horizontal) at which the resultant act is angle 0 and is found 
using trigonometrical formular as follows; 

„ ,l F i| 

tun Q ~ — 0 = tan" 1 — 

F 2 \r 2 \ 

( Angle Between the Two Acting Forces is Acute (Between 0° And 90°) or 
Obtuse (Between 90° and 180°). 



Fig. 1.5 (a) (b) 


Assume that F| and F2 in Fig. 1 .5a acts at 55° to each other and F3 and F4 in Fig. 1 .5b act 
at 135 ( to each other. Therefore, to find the resultant for each case, a parallelogram is 
drawn as shown below. 



Fig. 1.6 (a) (b) 

Always remember the following characteristic of a parallelogram, 

1. The opposite sides are equal. 

2. The opposite sides are parallel. 

3. The opposite angles are equal. 

( jrt applying the three characteristics of a parallelogram, Fig. 1 .6a and Fig. 1 .6b becomes; 



The sum of all the angles in a parallelogram is 360°. 

From Fig. 1.7a; ADC + ABC = 360° - (55° + 55°) 

= 360°- 110°= 250° 

250° 

ABC and ADC are equal. =. ABC = ADC = — — =125° 
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Similarly in Fig. 1.7b; 

EFG +EHG = 360° - (135°+ 135°) = 360° - 270°= 90° 

on® 

EFG and EHG are equal. :. EFG = EHG = — = 45° 


With the above information, Fig. 1 7a and Fig. 1 .7b are redrawn as follows. 



Fig. 1.8 (a) (b) 


The resultant, R of the forces F\ and F 2 in Fig. 1.8a is the diagonal of the parallelogram 
ABCD. Note, the diagonal is drawn from the point of intersection of forces F| and F 2 . 
Similarly, the resultant, R of the forces F 3 and F 4 in Fig. 1.8b is the diagonal of the 
parallelogram EFGH. Again, note that the diagonal is drawn from the point of 
intersection of forces F 3 and F 4 . 



Fig. 1.9 (a) (b) 

The resultant ( R ) and the angle (a) it forms can be calculated using cosine rule and 
sine rule respectively. We can apply cosine rule to triangle ACD in Fig. 1.9a to find the 
resultant. Assume Fj = ION and F 2 = 12N. 



A F 2 = 12 N D 


Fig. 1.10 

R 2 = F 2 + F 2 - 2F 1 F 2 cos D 

R 2 = 10 2 + 12 2 - 2 x 10 x 12 cos 125 

R 2 = 100 + 144 - 240 x (-0.5736) 

= 244 -(-137.66) 

= 244+ 137.66 
= 381.658 
R = V381.658 
R = 19.53N 

The direction of the resultant vector (19.53N) is the angle a it forms with the F 2 vector as 
shown in Fig. 1.10. Applying sine rule, we obtain. 
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AC 

CD 

AD 

sin D 

sin A 

sin C 

R 

F, 

Fz 

sin 125 

sin a 

sin C 

19.53 

10 

12 

sin 125 

sin a 

sin C 


Wc pick the first two and ignore because it is not relevant, except if we are asked to 

find angle C. 

19.53 10 

sin 125 sin a 


Cross multiplying, sin a x 19.53 = Sin 125 x 10 


sin a = 


sin 125 x 10 8.19 


19.53 


19.53 


= 0.419 


sina= 0.419 

a = sin" 1 0.419 = 24.8° 

If we substitute R = 19.53N and a = 24.8° into Fig. 1.9a, we obtain the following 



Note, BAD = 55°, CAD = 24.80° BAC = 55° - 24.80° = 30.20° 

The magnitude and direction of the resultant is 19.53N at 24.80° to the 12N force 
or 1 9.53N at 30.20° to the 10N force. 

The above approach or procedures above can be applied to Fig. 1 .9b as follows, 
assuming F3 = 10N and F* = 12N. 



R 2 = Ff + Ft- 2F 3 F A cos H 

r2 _ iq2 + 12 2 - 2 X 10 x 12 cos 45° 
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*.'1 I 


R* M*l Ki‘)7i> 7*1 

/V >/7T2*> 

K S 02N 

Wo use sine rule to on Ion Into I ho iinf.le u 

R /’;, 

sin// sin/: 

H.02 10 

sin 4H shwr 

Cross multiplying, sin u x N.02 10 x Sin43 

10 x sin 4!> 

sin <r = — = 0.H203 

U.UZ 

a Sin" 1 0.820.1 55.12° 

Substitute R X.62N and n 55. 1 2° into big. I .‘lb, to get the following; 
!• i\ = \2N (i 



/•" 4 = 12 N 


Fig. 1.13 

Note. r-l-:i I 1 55°. tibl I = 55. 1 2° blit 1 1 35" 55.1 2° 

= 7*1.88° 

The magnitude and direction of the resultant of vector IT (ION) and vector IT 
(12N) is 8.62 N at 55.12° to the I2N force or 8.62N at 7*1.88° to the ION force. 



I lie resultant (R) and the angle (0) it makes with the horizontal is found as follows. 

1 Resolve all the forces in the x (horizontal) and y (vertical) directions taking note 

of the positive and negative x and y axes. 

Horizontal x components: Vertical y components: 

FiCosG, F,sin0i 

F;cos0 : -F 2 sin0 2 

— F,cosG, — F,sin0j 


— F 4 cos0 4 F 4 sin0 4 

2. The x and y components arc added separately and algebraically. 

X = F,cos0, + F : cos0 2 — F,cos0, — F d cos0 4 

Y = F,sin0, - F 2 sin0 2 - F,sin0j + F 4 sin0 4 

If a vector is directly aligned with the x axis, its angle of inclination, 0=0. In contrast, if 
a vector is directly aligned with the y axis, its angle of inclination, 0= 90 . 

The following trigonometric ratios can be very useful when solving problems in 
vectors resolution. 


tan 60° = V3 = 1.73 


tan 30° 


4= = 0.58 

V3 


sin 60° = cos 30° = — = 0.87 


cos60° = sin30° = - = 0.5 


Example I , r . , 

An object is acted upon by two forces of 5N and 12N. Calculate the resultant of the two 

forces if 

(i) the forces act perpendicular to each other. 

(ii) The two forces act at an angle of 40° to each other. 

(iii) The two forces act at an angle of 125° to each other. 

Solution 

(0 



Fig 1.15 

Because the angle between the two forces is 90°, we use the pythagoras theorem as 
follows. 

R 2 _ 52 + 12 2 = 25 + 144 = 169 
R = ^169= 13/V 
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Applying cosine rule, R 2 = 5 2 + 12 2 2 x 5 x 12 x cos 1 40 

R 2 = 169 - 1 20(— 0.766) 

R 2 = 169 + 91.93 = 260.93 
R = V260.93 = 16.15 N 
Using sine rule, we have; 

R _ CD 
sin 140 sin0 


16.15 _ 5 

sin 140 sin0 


•*. sinfl = 


5 x sin 140 
16.15 


5 x 0.643 
16.15 


0.199 


Q = sin" 1 0.199 = 11.48° 
The resultant is 16.15N at 1 1.48° to the 12N force. 


(iii) 


Fig 1.17 
Resultant, 



= 169- 120 x 0.574 = 100.1 


R = V 100.12 = 10 N 
We apply sine rule to find the direction 


■■■ sin 0 = 


sin 55 
10 

sin 55 
5 x sin 55 


CD 
sin 6 
5 

sin# 

5 x 0.819 


10 10 
6 = sin' 1 0.4095 = 24.17° 


0.4095 


The resultant is 10N at 24.1 7° to the 1 2N force. 


Example 2 

Two forces, whose resultant is 100N are perpendicular to each other. If one of them 
makes an angle of 60° with resultant, calculate its magnitude (Sin60° = 0.8660, Cos60° = 
0.5000). WAEC 1991 

Solution 



Let X and Y be the two perpendicular forces 
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It is the force X that makes an angle of 60° with the resultant as shown above and is 
calculated as follows: 


cos 60 = ■ 


100 

X = 100 x cos 60 = 100 x 0.5000 = 50N 


Example 3 

A body of mass 20kg is set in motion by two forces 3N and 4N acting at right angles to 
each other. Determine the magnitude of its acceleration. WAEC 1997 

Solution 

Mass, m = 20kg; acceleration, a = ? 

The resultant, F , of the two forces, 3N and 4N is found as follows: 



F 2 = 3 2 + 4 2 = 9 + 16 = 25 
F = V25 = 5/V 

F 5 _ 2 

Force = mass x acceleration ••• acceleration, a — — = — = 0.25ms 

m 20 


Example 4 

A motorcyclist, passing a road junction, moves due west for 8s at a uniform speed of 
5m/s. He then moves due north for another 6s with the same speed. At the end of the 6s 
his displacement from the road junction is 50m in what direction? WAEC 1999 

Solution 

Distance covered due west is 5m/s x 8s = 40m 
Distance covered due north is 5m/s x 6s = 30m 



tan 0=- = - = O.75 0 = tan' 1 0.75 = 37° 

tan ° 40 4 

Therefore, the direction is, 90- 37 = 53 




W 


E 


S 
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Because the displacement is in the North-West direction, the direction is stated thus, 
N53°W or 53° West of North. 

Example 5 

A boy travels 12km eastwards to a point B and then 5km southwards to another point ( 
Calculate the difference between the magnitude of displacement of the boy and the 
distance travelled by him. NEC 0 2006 

Solution 



The displacement is the distance AC and is found using Pythagoras theorem. 
AC 2 = AB 2 = BC 2 
AC 2 = 12 2 + 5 2 = 144 + 25 = 169 
AC = \Zl69 = 13 km 


The distance covered = AB + BC = 12km + 5km = 1 7km 
Difference between distance and displacement = 17-13 = 4km. 


Example 6 

A tug boat is travelling from Asaba to Onitsha across the River Niger with a resultant 
velocity of 20 knots. If the river flows at 12 knots, the direction of motion of the boat 
relative to the direction of water flow is 

A. 36.87° B. 53.13° C.90° D. 136.87° E. 143.13° JAMB 198(T 7 

Solution 


Fig 1.22 



Direction of river flow 


Angle 0 is the direction of motion of the boat relative to the direction of water as shown 
above. 

12 

Applying trigonometric ratio, we have; cos 0 = — = 0.6 

G = cos" 1 0.6 = 53.13° 


Example 7 

An aircraft travelled from Calabar to Kano as follows: It flew first to Ilorin covering a 
distance of 300km, 30° West of North, and then flew 400km, 60 u East of North to Kano. 
What is the resultant displacement? 

A. 567km B. 410km C. 594km D.500km E. 600km JAMB 1981 
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Solution 



C, L, K represent Calabar, 
Ilorin and Kano respectively. 


The above figure is a right angle triangle (angle L is 90°). Therefore the resultant 
displacement is found using Pythagoras theorem. 

CK 2 = CL 2 + KL 2 

CK 2 = 300 2 + 400 2 = 90000 + 160000 
CK 2 = 250000 

CK = V250000 = 500km 


Example 8 

A stream is flowing at 0.75m/s and a boat heading perpendicular for the stream landed at 
the opposite bank at an angle 30°. Calculate the velocity of the boat. 

A. 0.65ms -1 B. 0.86ms- 1 C. 1.00ms' 1 D. 1.50ms' 1 JAMB 2000 

Solution 



V is the velocity of the boat. Using trigonometric ratio, we have 

0.75 0.75 

cos 30 = —— ••• V = — = 0.86ms 1 

V cos 30 


Example 9 


Fig 1.26 


3V3N 
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The figure above shows four forces 3N, ION, 3yf3N and 6N acting on a particle P. The 
resultant of the four forces is w 

A. ION B. 10i/3 N C. 5N D. 5^3 N JAMB 2007 

Solution 

0i = 90°; 0 2 = 30°; Ob = 0; 0< = 60° 



F x cos 0 r = 3^3 x cos 90 = 3^3 x 0 = 0 

V3 r- 

F 2 cos0 2 = 10 x cos 30 = 10— = 5V3 

F 3 cos 0 3 = 3 x cos 0 = 3 
-F 4 cos 0 4 = “6 x cos 60 = -6 x 0.5 = -3 
Sum of x components, X = F 1 cos 0 X + F 2 cos Q 2 + F 3 cos 0 3 - F 4 cos 0 4 
= 0 + 5V3 + 3 - 3 = 5 VI 

Horizontal y components: 

Fj sin 0 X = 3V3 x sin 90 = 3VI x 1 = 3VI 

F 2 sin0 2 = 10 x sin 30 = 10 xi = 5 

F 3 sin 0 3 = 3 x sin 0 = 3 x 0 = 0 

V3 

— F 4 sin 0 4 = -6 x sin 60 = — 6 x — = -3V3 
Sum of y components, Y = F a sin 0 t + F 2 sin 0 2 + F 3 sin 0 3 - F 4 sin 0 4 

= 3V3 + 5 + 0 — 3V3 
= 3V3 - 3V3 + 5 
= 5 


The resultant of X and Y is found as follows. 


Fig 1.25 
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Apply Pythagoras theorem, 

« 2 = S* + (5V3) 2 =2S + [S’(V3) 2 ] 

R 2 = 25 + 25 x 3 = 25 + 75 
R 2 = 100 
R = VlOO = 10W 

The direction of the resultant, 0 = tan' 1 ^) 

* = tan " (iTf) = tan ' 1 (j§) = tan ' 1 0577 = 30 ° 


VECTOR RESOLUTION 

A single ector V, inclined at angle 0 to the horizontal can be resolved into two 
perpendicular components. The horizontal (V*) and vertical (V y ) components are shown 
below. 




Vertical component of V is, V y = V sin 0 
Horizontal component of V is, V x = V cos 0 


In some cases, the vector (V) might be inclined at angle 0 to the vertical as shown below. 




Vertical component of V is, V y — cos 0 

Horizontal component of V is, V x — V sin 0 


Example 10 

A wheel barrow inclined at 30° to the horizontal is pushed with a force of 1 50N. 

(i) What is the vertical component of the applied force? 

(ii) What is the horizontal component of the applied force? 

(iii) In what direction will the wheel barrow move and why? 
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Solution 


Fig 1.30 



(i) Vertical component, F y = Fsin 0 = 1 50 x sin 30 = 1 50 x 0.5 = 75N 

(ii) Horizontal component, F* = Fcos 0 = 150 x cos 30 = 1 50 x 0.87 = 1 30N 

(iii) It will move in the horizontal direction because the horizontal component of the 
force is greater than the vertical component. 


Example 11 

A force of 10N is applied to a block of wood as illustrated below. 



What is the vertical component of the force? NECO 2007 6 

Solution 

Force, F = 10N; Angle of inclination 0 = 30° 

Vertical component of force = FsinB = 10 x sin30 = 10 x 0.5 = 5.0N 

Example 12 



A body on the ground is acted on by a force of 10N at^ point P as shown in the diagram 
above. What force is needed to stop the body from moving eastward? 

A. 5N in the direction of East B. 5N in the direction of West 

C. 5\/3 N in the direction of West D. 10N in the Southwest direction JAMB 1 998 

Solution 

The horizontal (eastward) component of the 10N force is = 10 cos60 = 10 x 0.5 5N. 

The equilibrant force needed to stop the body moving eastward must act in exactly the 
opposite direction. 

Therefore, the needed force is 5N in the direction of West as shown below.' 


+ -ION 

| 1. iH* 

F, g 1 .33 Wes , ^ _► East 
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exercises 1. 

1 lhe dnvcr °f n car moving with uniform speed of 40ms observes a iniek 

approaching in lhe opposiie direction with a speed of 20m s. Calculate the speed ot the 
car relative to that of the truck. if\f£C 2000 Ans 60m s 

Two forces 3N and 4N act on a body in directions due North and due l ast 
respectively. Calculate their cquihbrant. 

x. 53 East of North. B. 5N 53° West of South C. 5N 37° North of Hast. 

D. 7N37 West of North E. 7N 37° South of West. U A EC 199' Ans B 

3. What is the resultant ot the force along OY in the diagram below ? 

X\ 


Fig 1.34 


NECO 2002 Ans: 91.65 . Y 

What is the magnitude of the resultant of two forces 20N and 15N inclined at 'HI 
to each other? NECO 2006 Ans: 25.X 

6. A man walks 1km due East and then 1km due North. What is his displacement * 

It AEC 1 0 78 Ans: \fl N45 C E 

7. A body of mass 5kg initially at rest is acted upon by two mutually perpendicular 
forces 12N and 5N as shown in the figure below . If the particle moves in the direction ot 
QA, calculate the magnitude of the acceleration. 

A. 0.40ttls -2 B. 1.40ms -2 C. 0.26ttls -2 D. 2.60t7ls' 2 E 3.40ms' 2 



Fig 1.35 IxO* r 

5N JAMB I9S4 Aits: 2 6m s : 

8. A block of mass 2.0kg resting on a smooth horizontal plane is acted upon 

simultaneously by two forces, 10N due North and 10N due East. The magnihide of the 
acceleration produced by the forces on the block is A. O.lOms -2 B. 7.07ms* 2 

C. 10.00ms -2 D. 14.10ms -2 E. 20,00ms -2 JAMB 1985 Ans: ?.0~tns : 

9. A man walks 8km North and then 5km in a direction 60° East of North Find the 
distance from his starting point. A. 1 1.36km B. 12.36km C. 13.00km 

D 14.36km JAMB 1987 Ans: 1 I ^6kyti 

10. Two forces each of 10N act on a body, one towards the North and the other 
towards the East. What is the magnitude and direction of the resultant force? 

A. 1 0 V2 N, 45°E B. 10 \/2 N,45°W C. 20N. 45°W D. 20N. 45 l ’E 

J.iMB 2002 Ans: 10X2 \AS"E 

11 A lorry travels 10km northwards, 4km eastwards, 6km southwards and 4km 

westwards to arrive at a point T. What is the total displacement? A. bkm south 

B 4km north C. 6km north D. 4km east JAMB IMS Ans: -Ikm Xonh 

1 2 Two forces whose resultant is 1 00N are at right angles to each other. If one of 
them makes an angle of 30° with the resultant, determine its magnitude. A. S.66N 

B 50 ON C. 57. 7N D. 86.60N JAMB IMS Ans: Sfi.fiOX 

13 Two forces of magnitude 7N and 3N act at right angles to each other. The an^le 0 

between the resultant and the 7N force is given by: A cos 6 = 3 /, B. sin 0 = 7- 

C. tan 6 = D. cot 0 = 7? 7.43/fi IMS -lux. (.' 

14 A boat travels due East at a speed of 40ni/s across a river flowing due South at 

30m/s. What is the resultant speed of the boat? A. 1.3ms- 1 B 10.0m.s-- 1 
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C. 50. Oms -1 D. 70.07ns" 1 JAMB 1994 Ans; 50m/s 

15. A ball is moving at 18m/s iti a direction inclined at 60 n to the horizontal. The 

horizontal component of its velocity is A. 0y/3ms ~ l B. 6V37HS" 1 

C. 6V3ms -1 D. 9 ms " 1 JAMB 1998 Ans: 9ni/s 

16. 



resultant? 


A. 2 VS N in a direction N56°E B. 2 V5 N in a direction N56°W 

C. 2 Vl 3 N in a direction N56°E D. 2>/T3 N in a direction N56°W 

E. VTO N in a direction N56°E. JAMB 1982 Ans: C 

17. Calculate the distance between the points P(2,4) and Q(-5,3). 

NECO 2007 Ans: 8.00 units 


18 


Fig 1.37 



The figure above illustrates three vectors P, Q and R. Which of the following is correct 
about the vectors? A. P+Q+R=0 B. R = P - Q C R = P + Q D. R = P Q 

E. Q = P. R NECO 2007 Ans: A 

19. A ship moving northward with speed V s is acted upon by a wind blowing due west at 
a speed V w . Which of the following diagrams correctly indicates the velocity V R of the 
wind relative to the ship? 



A 


B 


C D 


Fig 1.38 


UMEC 2008 10 Ans: A 


20. The resultant of two forces 12N and 5N is 13N. What is the angle between the two 

forces? A 0 B. 45° C. 90° D. 180° JAMB 2008 3 Ans : 90° 

21. An aircraft attempts to fly due north at 100 kmh' 1 . If the wind blows against it 
from east to west at 60kmh its resultant velocity is 

A. 1 17 kmh' 1 , N 31° E B. 127 kmh N 31° E 

C. 1 1 7 kmh 1 , N 3T W D. 127 kmh' 1 , N 31° W JAMB 2009 ‘ Ans A 
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22. Which of the vector diagrams below represents the following position vectors? 
V * = (!)' V 2 = (f), Vj = (j 2 ) and V A = (_ l 2 ) WAEC 2009'° Ans:C 



Fig 1.39 

23. Two forces 6N and 8N, act eastwards and northwards respectively on a body. 

Calculate the magnitude of their equihbrant. WAEC 2009 11 Ans: ION 

24. Two forces of magnitudes 8N and 4N act at right angle to each other. What is the 
angle between the resultant and the 8N force? NECO 2009 s Ans: 26.6° 

25. Two forces A and B act a point. If their resultant is given by (B-A) in the direction 
of B, then 

A. A and B are equal 

B. A is greater than B 

C. The angle between A and B is 0° 

D. The angle between A and B is 90° 

E. The angle between A and B is 1 80° NECO 2009 6 Ans: E 

26. Two forces of magnitudes 4N and 5N act on a body in the directions due North 
and East respectively. Calculate their equilibrant. NECO 2009 10 Ans: 6.4N, S5 1 .3°W 
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2 


PROJECTILES 


A projectile is any object thrown or released into space that travels along a curved or 
parabolic path. At any point in time a projectile motion is characterized by: 

(i) horizontal motion at constant velocity where linear acceleration, a = Om/s‘ 

(ii) vertical motion (up or down) with constant acceleration where gravitational 
acceleration, g = 9.8m/s 2 

Calculations in projectile motion are basically in two forms viz; 

(a) Objects Projected Horizontally From a Height 



Note: The initial horizontal velocity, U does not change. It remains constant dunng the 
duration of motion. 

The initial vertical velocity, V = 0. However, the subsequent vertical velocities, 
V|, V 2 V n changes with time. 

Equations of uniformly accelerated motion (v = u + at, v‘ = u 2 + 2as, s = ut + 
‘Aar) are used in such cases as shown in the diagram above. 

You are advised to review the topic motion under gravity in Chapter 1 of Book 

One. 


(b) Objects Projected at an Angle, 0, to the Horizontal. 



Ill 



At the point of projection (t=0), the initial velocity U, can be resolved into the 
criKdl component, V y = Usin 0, and the horizontal component, V, = Ucos 0. 

I he horizontal component of the initial velocity, Ucos 0 remains the same 
throughout the time of flight (from t=0 to t=4s). 

In contrast, the vertical component of the initial velocity (Usin 0) after projection 
c_ anges with time . After time t the velocity becomes V y = UsinO - gt. during upward 
motion or V y - Usin 0 4- gt, during downward motion. 

I his shows that the value of V y depends on how much time (t) the projectile has 
pent in the air However, at the maximum height or exactly midway through the time of 
g , « velocity of the projectile has no vertical component, therefore, V y =0. 
o, the velocity or speed of a projectile at its maximum height is UcosO. 

After projection into space, the motion of the projectile is governed by the 

result it (V) of the vertical and horizontal components of the initial velocity as illustrated 
below. 



Fig 23 (i) During upward motion 


(ii) During downward motion 


In whatever case, the resultant velocity, V is found using the Pythagoras theorem. 

V 2 = V/ + V y 2 


. Resultant velocity, V = Jit/ 4 - V 2 

The resultant velocity forms an angle 0 with the horizontal plane and is calculated as 
follows. 

= | , « = tan-(|) 

For a projectile in motion as shown in fig 2.2, the following applies. 

U sin 6 

Time taken to reach maximum height, t = 

9 


2U sin 9 

Time of flight, T = 


U 2 sin 2 0 

Maximum height,// = — — 

U 2 sin 26 

Horizontal Range,/? = 


U 2 (s\n Q) 2 
2 9 


112 



An arrow is horizontally projected from the top of a tower with an ir1 ' t,al ?* C,l '\°^ 
15m/s. If it reaches the ground 7 seconds later, calculate t e ieig 0 ov,er. 

(g=10m/s 2 ) 

Solution 2 

Given: initial velocity, u=0; time, t = 7s; g=10m/s . 


Equation of motion under gravity is used to find the height; h ut + 2 gt 

Note that the 15m/s given in the question was not used as the initial velocity because 

15m/s represents the initial horizontal velocity and not the initial vertical ve ocity. 


Height of tower, h = ut + \gt 2 

= 0x7 + jx 10x 7 2 = 245m. 


Example 2 

A ball is projected horizontally from a height of 20m above the ground with an initial 
velocity of 0.4m/s. Calculate the horizontal distance moved by the ball before hitting the 
ground. (g=10m/s 2 ) WAEC 2005 

Solution 

Given: height, h = 20m; initial horizontal velocity, u = 0.4m/s; 
initial vertical velocity, u = 0 

The time taken to reach the ground is governed by gravity, therefore, equation of motion 
under gravity is used and also initial velocity, u = 0. 

Substituting into , h = ut + ^t 2 

20 = 0 x t + j x 10 x t 2 
20 = 5t 2 



t 2 - 4 t = V 4 = 2s 

After calculating the time taken to reach the ground, the horizontal distance, s, can then 
be calculated using equation of uniformly accelerated motion and remembering that 
acceleration, a = 0 and u = 0.4m/s 

Substituting into s = ut + ±at 2 

= 0.4 x 2 + \ x 0 x 2 2 
= 0.8 + 0 
= 0.8 m 


Example 3 

An object is projected horizontally from the top of a cliff with a velocity of 7ms -1 and 
lands on the ground level at a point 56m from the base of the cliff. Calculate the height of 
cliff. 

Solutiou 

Horizontal velocity V = 7ms" 1 ; horizontal distance d - 56m 

distance 

From velocity = , time taken by object to land on the ground is 

horizontal distance 56 ^ 

horizontal velocity 7 

Equation of motion under gravity is used to find the height; h = ut + iqt 2 
Substitute initial velocity u = 0ms" 1 (not 7ms' 1 ), g ^ ,j |m . f _ . 


113 



••• h = 0 x 8 + - + 10 x 8 2 = 0.5 x 64 = 32 m 
2 

Example 4 

A stone is projected upwards at an angle of 30° to the horizontal from the top o a 
tower of height 100m and it hits the ground at a point Q. If the initial velocity of 
projection is 100ms 1 , calculate the; 

(i) maximum height of the stone above the ground. 

(li) Time it takes to reach this height; 

(lii) Time of flight. 

(iv) Horizontal distance from the foot of the tower to the point Q. 

(Neglect air resistance and take g as 10ms' 2 ) WAEC 1995 

Solution 



Fig. 2.4 

(i) The maximum height of the stone above the ground, S, is equal to the maximum 
height, H from the point of projection and the height of the tower, 100m ie. S = 100 + H. 

Given: initial velocity, u = 100ms '; angle of projection, 0 = 30° 

U 2 s\n 2 Q 100 2 x sin 2 30 

Maximum height, H = — = — — 

6 2 g 2x10 


10000 x 0.5 2 

H = — = 500 x 0 25 = 125m 

S = 100 + H = 100 4- 125 = 225m 


(ii) Time taken to reach highest height, 


U sin0 
t = 

9 


100 x sin 30 


10 

100 x 0.5 
10 


= 5s 


2Us\n0 2xl00xsin30 

(iii) Time of flight, T = 10s 

9 9 

(iv) The total time the projectile travels from A to Q (see the diagram above) must be 
found before the horizontal distance EQ can be calculated. 
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Applying equation of motion under gravity we can find the time taken to travel 
from the highest point, B, to the ground, Q. . 

At the highest height, BD or h = 225m, and considering the vertical motion of the 
projectile, the initial velocity, u=0. substituting into h = ut + \gt 2 we have 

225 = 0xt+ixl0xt 2 

225 = 5t 2 
22 c 

t 2 = — = 45 t = V45 = 6.71s 

6.7 1 s is tlie time taken to travel from the highest point B, to the ground, Q. 

From (ii) and (iii) above, the time taken to travel from A to B is 5 sec; the time 
taken to travel from B to C is also 5 s. 

Therefore the time taken to travel from C to Q is 6.71 - 5 = 1 .71 sec and the total 
time taken to travel from the point of projection, A, to the ground Q is 
5 + 6.71 = 11.71 s. 

The diagram below shows time duration for each section of the flight. 



Horizontal distance (EQ) = horizontal component of initial velocity x total time taken to 
reach the ground from point of projection. 

= u cos 0 X 11.71 

= 100 cos 30 x 11.71 = 100 x 0.866 X 1171 
= 1014.12m 

Alternatively , the horizontal distance can be calculated as follows. The distance EP (see 
above diagrams) is the range, R of the projectile. 

U 2 sin 26 100 2 sin 2 x 30 

R = — = in = 866.025m 

g 10 

The time taken to travel the horizontal distance PQ isl.71s. The horizontal component of 

the velocity is u cos Q = 100xcos30 = 86.60m/s. 

distance , . . 

Velocity - distance = velocity x time 

time 

Distance, PQ = 86.60 x 1.71 = 148.1m 
Horizontal distance EQ = Range(EP) + PQ 
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= 866.025 + 148.1 = 1014.12m 


Example 5 

Two bodies X and Y are projected on the same horizontal plane, with same initial speed 
but at angles 30° and 60° respectively to the horizontal. Neglecting air resistance, the 
ratio of the range of X to that of Y is 

A. 1:1 B. 1:2 C V3:l D. 1 : V3 JAMB 1997 

Solution 


Range, R - 


U 2 sin 26 
9 


For X, 0 = 30°, 


Range, R x 


U 2 sin 2 x 30 U 2 sin 60 
9 9 


For Y, 0 = 60°, .*• Range, R Y = 


U 2 sin 2 x 60 U 2 sin 120 


9 9 

Ratio of range X(R x ) to range Y(Ry) is 

R x _ U 2 sin 60 U 2 sin 120 
R y ~ ! 


9 

U 2 sin 60 


9 

9 


U 2 sin 120 


sin 60 0.866 

sin 120 = 0.866 


Rx : Ry = 1: 1 


Example 6 

A body is projected from the ground at an angle 0 to the horizontal with a velocity of 
30m/s. it reached a maximum height of 1 1 .25m. Calculate 

(i) The value of 0. 

(ii) The time taken to strike the ground. 

(iii) The range. 

(iv) Its velocity 2s after projection. NECO 2004 

Solution 

(i) Initial velocity of projection, U = 30m/s; maximum height, H = 1 1 25m- 
g-10m/s 2 

U 2 sin 2 0 

Substituting into, H = — 

2 9 


we have, 
rearranging. 


ot _ _ 30 2 (sin 0) 2 _ 900 x (sin 0) 2 
2 x 10 “ 20 

(sin Q) 2 x 900 = 11.25 x 20 


(sin 6) 2 = 


11.25 x 20 
900 


0.25 


sin# = V0. 25 
sin 6 - 0.5 

0 ~ sin" 1 0.5 
0 = 30 \ 
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(ii) The time taken to strike the ground is the time of flight, 

2 x 30 x sin 30 60 x 0.5 __ ^ 


T = 


lUsinQ 


T = 


10 


U 2 sin 20 30 2 x sin2 x 30 _ 900 x sin_60 = 4m 

(ni) The Range, R = = — 10 


(iv) The velocity of the body after 2 seconds of projection is found by calculating the 
resultant of the horizontal (V x ) and vertical (V y ) components of the initia ve ocity a er 
2s. 

Initial horizontal component of the velocity, 

V x — U cos 9 . Substitute U = 30m/s and 0 = 30° 

V x = 30 cos 30 = 25.98m/s. 

V x does NOT CHANGE during the time of flight. 

Initial vertical component of the velocity, 

V y = U sin 0 

V y changes with time, therefore after time t, 

V y = UsinO — gt 

Substitute U — 30m/s, 0 — 30° and t = 2s 
V y = 30 x sin 30 — 10 x 2 
= 15-20 = -5m/s 


The vertical, horizontal and resultant velocities can be illustrated below. 



Fig. 2.6 


The resultant velocity, V = Jv r 2 + VJ 

= V(25.98) 2 + (— 5) 2 
= V674.96 + 25 
= V 699.96 = 26.46m/s 

This resultant velocity makes an angle, 0 with the horizontal given by 


tan# 


- 5 

V x 25.98 


-0.1925 


0 = tan'H— 01925) = -10.9° 
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Example 7 

A missile is projected with a velocity of 250ms” 1 at an angle of 0 to the vertical. If the 
total time of flight of the missile is 25s, the value of 0 is 
A. 30" B. 60" C. 45 D. 50 

Solution 


Fig 2.7 



u = 250ms” 1 
T = 25 s 
g — 10ms" 1 


Time of flight T = 


2 u sin# 
9 


25 = 


2 x 250 x sin0 


10 

25 = 50 x sin# 

25 

sin0 = — = 0.5 
50 

8 = sin” 1 0.5 = 30* 

From the given options, your answer will be option A, isn’t it? YOU ARE 
ABSOLUTELY WRONG! ! 

Read the question again and look at the diagram once more. "... at an angle of 8 to the 
vertical. 

In all the formulae in projectile motion, 8 is defined as the angle of projection to the 
horizontal. Therefore when the given angle of projection 8 is to the vertical, two 
approaches can be applied. 

(i) The angle of projection 8 to the horizontal is obtained by subtracting the given or 
calculated angle of projection to the vertical from 90°. That is, angle of projection to 
thehorizontal, 0 = 90-30 = 60° 

(ii) Alternatively, change sin 8 to cos 0 in the formula to be used 


Therefore, 


T = - 


2u sin 6 


becomes T = 


2 u co sO 


Substitute u = 250sm" 1 ; 


T = 25s g = 10ms” 2 
^ 2 x 250 x cos 8 

25 = 50 x cos 8 
25 

cos 8 = — = 0.5 
50 

8 = cos -1 0.5 = 60* 
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EXERCISES 2 


R 



An object R leaves a platform XY with a horizontal velocity of 7m s and lands at Q _ 
takes the same object 0.3sec to fall freely from Y to P, calculate the ^tance 
g=10m/s 2 ). WAEC1990 Ans: 2.1m 

2. A ball is projected horizontally from the top of a hill with a velocity of 20m/s. If 

it reaches the ground 4 seconds later, what is the height of the hill? (g-lOm/s ). 

WAEC 1991 Ans: 80m 

3. An object is projected with a velocity of lOOm/s from the ground level at an an^Ie 
0 to the vertical. If the total time of flight of the projectile is 1 Os, calculate 0. (g- 1 Om/s ) 

WAEC 1993 Ans: 60° 

4. An object is projected with a velocity of lOOm/s at an angle of 60 to the vertical. 
Calculate the time taken by the object to reach the highest point. (Take g=10m/s ). 

WAEC 1998 Ans: 5s. 

5. A stone is projected horizontally from the top of a tower with a speed of 5m/s. It 

lands on the ground level at a horizontal distance of 20m from the foot of the tower. 
Calculate the height of the tower. (g=l Om/s 2 ). WAEC 1999 Ans 80m 

6. In his first attempt, a long jumper took off from the spring board with a speed of 
8m/s at 30° to the horizontal. He makes a second attempt with the same speed at 45 n to 
the horizontal. Given that the expression for the horizontal range of a projectile is 
U 2 sin20/g, where all the symbols have their usual meanings, show that he gains a distance 
of 0.8576m in his second attempt. (g=10m/s s ). 

WAEC 2004 /4ns: ? 2 sin ^ x4S ‘ ) - = 0 . 8575m 

7. A stone thrown horizontally from the top of a vertical wall with a velocity of 

15m/s, hits the horizontal ground at a point 45m from the base of the wall. Calculate the 
height of the wall. (g=l Om/s 2 ). WAEC 2005 Ans: 45m 

8. A stone is projected horizontally with a velocity of lOm/s from the top of a cliff of 

height 45m. Calculate the horizontal distance covered by the stone from the foot of the 
cliff. (g=l Om/s 2 ) NEC0 2003 Ans 30m 

9. An object is projected with a velocity of 50m/s from ground level at an angle 0 to 
the vertical. If the total time of flight of the projectile is 5s, what is the value of 0? 

(g=10m/s 2 ). NECO 2002 Ans: 60° 

10. A ball is kicked with a velocity of 8m/s at an angle of 30° to the horizontal 

Calculate the time of flight of the ball. (g=l 0m/s'). NECO 2000 Ans 0 8s 

11. A stone, Q is thrown with velocity U at angle of 75° to the horizontal. Another 
stone R is thrown with the same velocity U but at an angle of 15° to the horizontal The 
ranges covered by the stones will be 

A. greater for Q B. greater for R C. the same for Q and R 

D. greater for heavier of two stones. JAMB 1992 Ans ■ C 

12. An object is projected with a velocity of 80m/s at an angle of 30° to the horizontal. 

The maximum height reached is A. 20m B. 80m C. 160m D. 320m 

JAMB 1994 Ans: <S (hit 
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13. A panicle is projected horizontally at lOm/s from a height of 45m. Calculate the 
horizontal distance covered by the panicle before hitting the ground. (g=IOm/s ). 

WAEC 2006 Ans: 30m 

14 . An object is projected from a height of 80m above the ground with a velocity of 
40m/s at an angle of 30° to the horizontal. What is the time of Might? 

A. 4s B. 16s C. 10s D. 8s JAMB 2005 Ans: 4s 

15 . A shooter wants to fire a bullet in such a way that its horizontal range is equal to 
three times its maximum height. At what angle should he fire the bullet to achieve this? 

A. 53° B. 68° C. 30° D. 45° JAMB 2006 Ans:53° 

16 . A particle is projected at an angle of 30° to the horizontal with a speed of 250ms *. 
Calculate the 

(a) total time of flight of the particle 

(b) speed of the particle at its maximum height [g=10ms‘ 2 ] 

WAEC 2007 Ans: (a) 25s (b) 216.5ms ' 

17. A stone projected horizontally from the top of a tower with a speed of 4ms 1 lands 

on the level ground at a horizontal distance 25m from the foot of the tower. Calculate the 
height of the tower. [g=10ms~ 2 ] WAEC 2007 Ans: 195.3m 

18. A tennis ball is projected horizontally from a height of 30m above the ground with 

an initial speed of 20ms' 1 . Calculate the horizontal distance travelled by the ball when it 
hits the ground. [g=10ms‘ 2 ] NECO 2007 Ans: 48 J. ’8m 

19. What is the total time of flight of an object projected vertically upwards with a 


speed of 30ms" ? [g=10ms‘" 


NECO 2007 Ans: 0 Os 


20 . The horizontal component of the initial speed of a particle projected at 30° to the 
horizontal is 50ms -1 . If the acceleration of free full due to gravity is 10ms" 2 , determine 
its (a) initial speed 

(b) speed at the maximum height reached 

WAEC 2008 E3 Ans: (a) 57.74ms -1 (b) 50ms -1 HintT = JVJ + V y 2 

21. A particle is projected horizontally at 15ms' 1 from a height of 20m. Calculate the 
horizontal distance covered by the particle just before hitting the ground. 

(g = 10ms' 2 ) WAEC 2009 E2 Ans: 30m 

22. A projectile attains its maximum height when the angle of projection is 

A. 30° B. 45° C. 60° D. 75° D. 90° 

NECO 2009 7 Ans: E 


23. A stone is thrown with a speed of 10ms 1 at an angle of 30° to the horizontal. 
Calculate the time of flight, (g = 10ms" 2 ) NECO 2009* Ans: 1 .0s 
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3 


EQUILIBRIUM OF FORCES 

MOMENT OF A FORCE 

The moment of a force about a point is the product of the force and the 
perpendicular distance of its line of action from the point. 

Moment of a force = Force (N) x Perpendicular distance(m) 

The principle of moments states that when a body is in equilibrium, the sum of the 
anticlockwise moments about any point is equal to the sum of the clockwise moments 
about the same point. In addition, the sum of the forces in one direction is equal to the 
sum of the forces in the opposite direction. 

Example 1 

A body of mass 58g is suspended at the 20cm mark of a uniform meter rule. The meter 
rule is adjusted on a pivot until it settles horizontally at the 40cm mark. Determine the 
mass of the meter rule. WAEC 1992 

Solution 


40cm 


10cm , 


20cm 




Fig 3.1 


58g 


Because the meter rule is uniform the centre of gravity, C of 
10cm from the pivot. Let the mass of the meter rule be m. 
Taking moment about the pivot 

m x 10cm = 58g (40 - 20)cm 


g is at the 50cm mark or 


mx 10cm = 58gx 20cm 


58g x 20cm 1160 

m= ~Tto- = -F =116 8 


Example 2 

Using the diagram below, calculate the moment of the force of 10N about 



point P. 


Solution 

The distance OP has to be resolved into its perpendicular distance, OQ as follows 


OQ 

cos 30 = — 

OP 


OQ 

12 
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I' 



Fig 3.3 


ION 


y/3 

OQ = 12 cos 30 = 12 x — = 6V3 


moment of force ION = forcc(lON) x perpendicular distance OQ 
= 10 x 6\/3 = 60>/3 or 104 Nm 

Example 3 

What is the moment of the force F about point P in the diagram shown below? 



, * WAEC 1994 

Fig 3.4 

Solution 

The perpendicular distance of y is found by resolving the distance y into its horizontal 
component as follows: 


Fig 3.5 



but cos(90 - 0) = sin 6 

- - OQ-= y sin 6 

Moment of F about P = F y sin 9 


Example 4 

A uniform bar 1 5m long is balanced on a pivot placed at its midpoint. A boy of mass 
55kg sits on one arm of the bar at a point 5m away from the pivot. What mass can be 
placed 2m away from the other end of the bar to keep the bar horizontally? WAEJC 1997 

Solution 


7.5m 


5 m. 


-5.5m 


2m » 


Fig 3.6 


55 kg 



m 
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pivot where m is the placed mass. 

m x 5.5 = 55 x 5 


m = 


55 x 5 
5.5 


275 _ . 

tt =50I<6 




Example 5 

A meter rule is found to balance horizontally at the 48cm mark. When a body of mass 
60g is suspended at the 6cm mark, the balance point is found to be at the 30cm mark. 
Calculate the 

(i) mass of the meter rule. 

(ii) distance of the balance point from the zero end, if the body were moved to the 

13cm mark. IVAEC 2007 

Solution 

(0 


Fig 3.7 



60g 


M 


Let M be the mass of meter rule. 
Taking moments about the fulcrum, 


sum of clockwise moments — sum of anticlockwise moments 

M x (48 - 30) = 60 x (30 - 6) 


18M = 60x24 


M = 


60x24 

18 


= 80g 


00 

rS 48cm 1- 

j*- 1 3 cm->~4- x -¥*. 

oi : 

— 


F *g 3 ' 8 60g 80g 

Taking moment about the fulcrum, 

Sum of clockwise moments = sum of anticlockwise moments 
80 X [48 -(13+*)]= 60 x a: 

80 X [48- 13-*]= 60 x x 

80 x [35 - at] = 60 x x 


2800 - 80* = 60.t 


J 1 00 cm 
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2800 = 80jt + 60* 


2800= 140.* 


x = 


2800 

140 


= 20cm 


Therefore, the distance fro mi the zero end is 13+* = 13 + 20 = 33cm. 


Example 6 

A beam PQ pivoted at P carries a load of 80N as shown above. Calculate the 
effort E, required to keep it horizontal. (Neglect the weight of the beam). 



W AEG 2001 


Fig 3.9 
Solution 

Taking moments about P 


Ex (2.5 +0.5) = 80 x 0.5 
E x 3 = 40 
40 

E = — = 13.3N 


Example 7 



Fig 3.10 


Determine the magnitude of P in the diagram above. WAEC 2006 

Solution 

The force P has to be resolved into its vertical component, Psin30 


Fig 3.11 



Taking moment about the pivot, 

P sin30 X 0.5m = 40 X 0.2m (30+20 = 50 cm = 0.5 m; 20 cm = 0.2 m) 
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0.5P x 0 5 = 8 
0.251* = 8 

8 


!* = -— = 32N 
0.25 


Example 8 

A uniform beam PQ of mass 20kg and length 5m is balanced as shown below. A man of 
weight SOON stands at M such that QM = 2m. The reactions at P and Q respectively arc 
A. 300N and 500N B. 420N and 580N C. 220N and 380N ^ 

D 5 8 ON and 420N E. 380N and 220N (S= 1 0m/s ) 



Fig 3.12 


JAMB 1982 

■ f *•. •' 


Solution 

Because the bar is uniform its weight (w = mg = 20kg x 10 = 200N) act at the middle of 
the bar. 


800N 


L 25m 


L 0.5m _ 

2m 

. 

T? 

- 1 


‘ « 

1 



200N 


Fig 3.13 

Taking moment about P - — 

Q x 5 = (200 x 2.5) + 800 x (2.5 + 0.5) 

5Q = 500 + 800 x 3 = 500 + 2400 
5 Q = 2900 

2900 i 

Q = — = 580N 


Sum of downward force = sum ol upward forces 
200 + 800 = P 4- Q 


1000= P + 580 


P= 1000-580 ~ 420N 

The reaction at P and Q respectively are 420N and 5 SON 


Example 9 

In the figua 3.14 below, MN is a light uniform meter rule pivoted at O. ihc 8()cm mark 
A load of mass 3 0kg is suspended on the rule at l., the 10cm mark If the rule is kepi in 
equilibrium by a string Rj\ fixed at I* and attached to the rule at R. the 2l)cm mark, w hat 
is the tension. T in the string.* 

A 3.0 N B 3.4 N C 3.5 N 1) 6.0 N E. 7.0 N 
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Fig 3.14 
Solution 

The tension force T is resolved into its perpendicular (vertical) component, TsinO 


M 


Fig 3.15 

Taking moment about the pivot O 

Tsin30 x (0.80 -0.20) 

0.5T x 0.6 
0.3T = 

T 

Example 10 

A 90cm uniform lever has a load of 30N suspended at 15cm from one of its ends. If the 
fulcrum is at the center of gravity, what is the force that must be applied at its otheT end to 
keep it in horizontal equilibrium? JAMB 2003 

Solution 

f ' ' 



Fig 3.16 


= 3 x (0.8-0.10) 
= 3 x 0.70 
= 2.1 
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I aking moment uhout the fulcrum, 

30 x (0.45 - 0 . 15 ) * F x (0.90 0.45) 

30 x 0.30 = Fx 0.45 


9 = 0.45F 


F = 


9 

045 


20 N 


MOMENT OF A COUPLE 

The moment of a couple is defined as the product of one of the forces 
perpendicular distance between the lines of action of the two forces. 




4 

■IF 


F 

J 


X 


Fig 3.17 

Moment of couple = F x x 


Evmtpk 91 


41 5N 


0.75m 


Fig 3.18 1SN 

Calculate the magnitude of the couple m the figure above. 

Solution 

Moment of the couple = One force x perpendicular distance between the forces 
= F x x 

= 15 X 0.75 = 1 1.25Nm 


Example 12 

Two forces, each of magnitude 25N, act in opposite directions at the opposite ends of a 
circular ring. If the diameter of the ring is 65cm, calculate the magnitude of the couple 
acting on the ring. " 

Solution 


Fig 3.19 
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Moment of a couple = Force x perpendicular distance 
= 25N x 0 65m 
= 16.25Nm 


THE TRIANGLE OF FORCES 

The principle of triangle of forces is applied to solve problems in which dire 
forces act on a body to keep it in equilibrium. It states that when a body is m equi 1 num 
under the action of three forces, the three forces can be represented in magmtu e an 
direction by the three sides of a triangle taken in order. . 

The following examples illustrate how the tnangle of forces is app ie to so 
problem in equilibrium. 


Exampl 13 

The body P shown in the diagram below is in equilibrium. If the mass o. tne y 
10kg, calculate the tension T in the string (g=10m/s ). 


Fig 3.20 



WAEC 1990 


— g ht of the body P acts downward and F acts in the horizontal direction as shown 



Next a triangle is formed by taking the magnitude and direction of each force in sequence. 


Fig 3-22 



The triangle formed is a 
right angle triangle and 
trigonometric ratio can be 
applied to find T. 


100 

cos 60 = ~~j~ 


T = 


100 100 


cos 60 0.5 


= 200 N 
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Pythagoras theorem can be applied to find T 
T 2 = 12 2 + 5 2 = 144 + 25 = 169 
T = y/169 =13 N 


Example 15 

The diagram below illustrates three forces T , , T 2 , and 100N in equilibrium, 
the magnitude of T| . 



(l-( (l; 

100N L. 



— I WA EC 2000" 


Fig 3.25 


Determine 


ft'. 129 




Solution 



Fig 3.26 

Using trigonometric ratio, T[ can be found as follows: 


tan 30° 
Ti 


_ J\_ 

100 

= 100 tan 30 = 57.74 N 



rr. 


Example 16 


Fig 3.27 



20N 


What’s the value of T in the figure above? A. 10.0 N 
D. 40.0 N 


Solution 


Fig 3.28 



B. 1 1.8 N 


C. 20. ON 
JAMB 1995 


Note that it is the angle the string makes with the vertical (90° - 30° = 60°) that is used to 
draw the mangle of forces and used for the calculation. Because the tnangle formed is 
not a right angle mangle, we use Sine rule to find T. 


20 T 20 x sin 60 

• T = = 20 N 

sin 60 sin 60 sin60 

Alternatively, we could find T by resolving the two Ts into their vertical component and 
applying one of the condinons for equilibrium: Sum of upward forces = sum of 
downward forces. 
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Therefore, Tsin30 + Tsin30 — 20N 
0.5T + 0.5T = 20N 

T = 20// 

Example 17 . 

A mirror of weight 75N is hung by a cord from a hook on the wall. If the co m an 
angle of 30° with the horizontal, what is the tension of the cord? A. 1 50N ' 

C. 1 500N D, 250N JAMB 2006 

Solution 



The vertical component of T = Tsin30 

Upward vertical forces = Downward vertical forces 
T sin 30 = 75 


0.5T = 75 


T 


75 

05 


= 150 N 


Example 18 


Fig 3.30 



The diagram above illustrates three forces T lt T 2 and 250N in 
magnitude of T 2 . 

Solution 


Fig 3.31 



equilibrium. Calculate the 
NEC0 2008 7 
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1 'sing trigonometric raiio, 7' 2 am he found as follows: 

tnn 30'’ = -if- r 2 = tail 30 x 250 = 0.577 x 250 
= 144.34 N 


EXERCISE 3. 

1* A meter rule is found to balance at the 48cm mark. When a body ol mass 60g is 
suspended at the 6cm mark the balance point is found to be at the 30cm mark. Calculate, 
i) the mass of the meter rule ii) the distance of the balance point from the zero end, if 
the body were moved to the 13cm mark. WAEC 1988 Ans (i) 80g (ii) 33cm 

uniform meter rule AB is balanced on a knife edge which is 55cm from B. If a 
mass ol lOg is hung at P, which is 10cm from A. Calculate the mass of the meter rule. 

WAEC 1994 Ans: 70g 

3. A uniform meter rule of mass 90g is pivoted at the 40cm mark. If the rule is in 

equilibrium with an unknown mass m placed at the 10cm mark and a 72g mass at the 
70cm mark, determine m. WAEC 2000 Ans: 102g 

4. 


Fig 3.32 


A 40cm P 


B 



In the diagram above, AB represents a uniform rod of length 1.50m which is in 
equilibrium on a pivot at P. If AP = 40cm, calculate the mass of the rod. (g=10m/s 2 ) 

WAEC 2001 Ans: 0.8kg 

5. Masses m] and m 2 at the 20cm and 65cm marks respectively of a uniform meter 

rule freely suspended at its centre of gravity. If the meter rule balances horizontally, 
determine the ratio m 2 :mi. WAEC 2001 Ans: 2:1 

6. In the diagram below, what is the value of W. 



zzzzzz 



fr = 20N 


k lm 


I 


lm >. 

X 


Fig 3.33 
7. 


Fig 3.34 


JAMB 1979 Ans: 10N 



A uniform beam HK of length 10m and weighing 200N is supported at both ends as 
shown in the figure above. A man weighing 1000N stands at a point P on the beam. If 
the reactions at H and K are respectively 800N and 400N, what is the distance HP? 

JAMB 1979 Ans: 3m 

8. The figure 3.35 below shows a see-saw which is exactly in balance. The weights 
of the people sitting on it are 50kg, X kg and 15kg as shown. They sit at distances of 1 .5, 
1 .5 and 2m from the pivot respectively. What is the value of X? 
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50kg 


X kg 15 kg 


7\ 


L— 

L 1.5m 

4 1 5m J 

J 

r * 




Fig 3.35 X7 , 

JAMB 1979 Ans:26. 6 7kg 

9. In the figure below, PT is a uniform meter rule pivoted at R, the 70cm mark. Two 
forces 0. IN and 0.4N are applied at Q, the 60cm mark and S, the 85cm mark. If the meter 
rule is kept in equilibrium by the forces and its weight, calculate the weight of the meter 
rule. A. 0.25N B. 0.30N C. 0.35N D. 0.50N E. 0.56N JAMB 1984 Ans: 0.25N 


Fig 3.36 


7T 


-| T 


0.1 N 


* 

0.4N 


10. Two masses 40g and 60g respectively are attached firmly to the ends of a light 
meter rule. The centre of gravity of the system is A. At the midpoint of the meter rule 
B. 40cm from the lighter mass C. 40cm from the heavier mass D. 60cm from the 
heavier mass E. indeterminate because the meter-rule is light. JAMB 1985 Ans: C 

11 . 


h 

QC 


10cm 


hr 


Fig 3.37 


lOg 


A uniform meter rule QR is balanced on a knife edge which is 55cm from R. When a 
mass of lOg is hung at P as shown above, what is the mass of the meter rule? 


A.550g 

12 . 


B. 350g 


C. 70g 


D.35g 


JAMB 1986 Ans : 70g 



A force of 5N acts at a point Y on a rod X YZ as shown in the diagram above. If XY is 
2m, what is the moment of the force about point X? A. 0 Nm B. 3 Nm C. 7 Nm 
D. 10 Nm JAMB 1990 Ans: 0 

13. 


* a 

4 

*1— ■ c— i H 

▼ i 

F, f 

!? b t 

5 + ~ d ~H 

r f, f 


Fig 3.39 



A uniform light rod is kept in horizontal equilibrium under the influence of four 
forces as shown below. Which of the following equations correctly represents the 
condition of equilibrium for the rod? 

A) F, + F 2 = F, + F, B) F, + F 2 - F, + F 4 = 0 C) (F, + F 2 )ab = (F, + F<)cd 
D) F,a + F 2 b - F,c - F 4 d = 0 JAMB 1992 Ans: D 

14. 



Fig. 3.40 


The diagram above shows three forces F lt F 2 and F 3 which keep the bar AB in horizontal 
equilibrium. Which of the following equation is correct? 

A. F 3 = F, + F 2 B F 2 = Fj + F 3 C. F 1 =F 2 - F 3 D. F t = F 2 + F 3 

WAEC 2008 11 Ans: D 


15. 


R O S 


Fig. 3.41 

The diagram above shows a plank RS pivoted at its centre of gravity O and is in 
equilibrium with the weights P and Q. If a weight 2P is added to P, the plank will be in 
equilibrium again by 

A. moving Q nearer to O 

B. movmg P nearer to O 

C. adding a weight Q to Q 

D. moving P further away form O JAMB 2008 8 Ans B 

16. 



Fig. 3.42 200N 

The diagram above shows a uniform wood of weight 200N and length 50m. It is pivoted 
at one end and suspended by a cord at the other end at an angle of 30° to the wood. 
Calculate the tension in the cord if the wood is horizontal. JAMB 1994 Ans: 200N 
1 7. A uniform rod PQ of length 1 m and mass 2kg is pivoted at the end P. If a load of 
14N is placed at the centre of the rod, find the force that should be applied vertically 
upwards at Q to maintain the rod in equilibrium horizontally. A. 68 N B. 28N 
C. 17 N D. 7 N (g=10m/s 2 ). JAMB 1995 Ans: 17N 
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18 . 



Fig. 3.43 

A uniform light beam XZ is hinged at X and kept in equilibrium by the forces T and I as 
shown in the diagram above. If XO = 20cm and OY = 30cm, express T in terms of F. 

A .T = ~F B.T = 2F C.T D.T = SF JAMB 1997 Ans: T = 2F 

19. A uniform meter rule weighing 0.5N is to be pivoted on a knife-edge at the 30cm 
mark. Where will a force of 2N be placed from the pivot to balance the meter rule/ 

A. 95cm B. 25cm C. 20cm D. 5cm 

JAMB 1 998 Ans: 25cm mark or 5cm from (he pivot 

20. Two forces each of 4N act on the opposite sides of a rectangular plate as shown m 
the diagram below. Calculate the magnitude of the couple acting on the plate. 


4N* 


E 


Fig. 3.44 


* 4N WAEC 1990 Ans: 1.6Nm 


21. Two forces, each of magnitude 4N, act in opposite directions at the ends of a rod. 
If the length of the rod is 40cm, calculate the magnitude of the couple acting on the rod. 

NEC0 2006 Ans: 1.6Nm 

22 . 


Fig. 3.45 



In the figure above, calculate the magnitude of the couple. NECO 2005 Ans: 2.50Nm 

23. Two forces forming a couple are separated by a distance of 25cm. If one of the 

forces equals 40N, what is the moment of the couple? NECO 2000 Ans: lONm 

24. In the diagram below, MN is perpendicular to ON and MP. What is the difference 
between the moment about N of the force of 20N applied along MP and its moment about 
O? 


Fig. 3.46 


o 
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A. Zero 13 0.2Nm C 0.4Nm D. 0.8Nm E. 0.6Nm JAMB 1980 Ans.O 

25. A boy pulls a nai! from the wall with a string tied to the nail. The string is inclined 

at an angle of 60° to the wall. If the tension in the stnng is 4N, what is the effective force 
used in pulling the nail? WAEC 1989 Ans:2\[3N 

26. 



A 1 51 mass suspended from a ceiling is pulled aside with a horizontal force, F, as shown 
in the diagram above. Calculate the value of the tension, T. (g=10m/s 2 ) 

WAEC 1999 Ans: 173.2N 

27. 



An object A, is held in equilibrium as illustrated in the diagram above. Using the data on 
the diagram, determine the magnitude, W, of the weight of A. WAEC 2002 Ans : 1 7N 

28. 


Fig. 3.49 



In the given diagram above, what are the values of the vertically suspended weight W and 
the angle X? A. 2kgf, 30.9° B. 4kgf, 36.9° C. 6kgf, 53.1° 

D. 8kgf, 73.8° E. 12kgf, 106.2° JAMB 1982 Ans: 4kgf. 36.9° 

29. Find the tension T i in the diagram below if the system is in equilibrium. 
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B .%N 


C. 


D. 100 (g=10ms" 2 ) 

JAMB 1991 Ans: 57. 74N or £ N 


A. 


200 

7T 


N 


30. 



Consider the three forces acting at O and in equilibrium as shown above. Which of the 
following equations is/are correct? 

(i) P,cos0j = P, cos 0 2 (ii) P 3 = Picos0| + P 2 cos 0 2 

(iii) P.sin 0, = P 2 sin 0 2 

A. (i) only B. (ii) only C. (iii) only D. (ii) and (iii) only E. (i) and (iii) only 

JAMB 1983 Ans: D 


31. 



Fig. 3.52 

In the figure above, the three forces F|, F 2 , F 3 acting at O are in equilibrium. If the 
magnitude of F| is 10.0N and the magnitude of F 2 is 5.0N, find the magnitude of F 3 . 

A. 26.4N B. 15.0N C. 13.2N D. 10.0N JAMB 1986 Ans : 13.23N 

32. The diagram below shows forces 4N t 6N, ION and 8N which act at a point O in the 
directions indicated. What is the horizontal force? A. 7>/3 N B. 17 N C >/3N 
D. 1 3 N JAMB 2004 Ans: 1 3N 



33. Two horizontal forces, ION and 8N and other force F, inclined at 30° to the 
vertical acting as shown in the diagram below, keep the body P in equilibrium. What is 
the weight of the body? A.^/V B. yj3N C.^N D. 2V3 N 

JAMB 1990 Ans 3.46N or 2^3 
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Fig. 3.54 

4. What is the value of F in the figure below when it is in equilibrium? 



Fig. 3.55 

A. ION B. 12 N C.27N D. 20 N JAMB 2005 Ans: 20N 

35. For what value of 0 are the forces in the diagram below in equilibrium? 



JAMB 1997 Ans: 60° 


36. A hand bag containing some load weighing 162N is carried bv two students each 
holding the handle of the bag next to him. If each handle is pulled 6(r to the vertical, find 
the force on each student’s arm. A. 324N B. 162N C. 121N D. 81N 

JAMB 2000 Ans : 162N 


37. If the system below is in equilibrium, what is the tension of the string Q? 

///////// 



^2N 

A. 

6N 

k 


B. 

4N 


^4N 

C. 

1 IN 

i_g_ 

j]5N 

D. 

9N 


Fig. 3.57 


JAMB 2005 Ans : 9N 

38. A particle is under the action of three forces in equilibrium. Two of the forces are 
as shown below. What is the third force? 


Fig. -3.58 


P 


40N 
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A. 80N along P B. 1 60N at 60* to P C. 40 VT N at 45 to either P or Q 

D ON E. 40V2 N at 30° to Q JAMli 1981 A " S C 

39. In the diagram below, a rod 50cm long of uniform cross-section is suspended 
horizontally on a fulcrum, F, by the action of two forces. What is the weig to t er 


Fig. 3.59 
A. 200N 



B. 120N C. 80N D. 40N JAMB 2007 Arts : 80N 


Fig. 3.60 

The d,a f am above illustrates three forces acting on an object at point O. If the object is 
in equilibrium, determine the magnitude of the force P. WAEC 2007 Ans: 20. ON 

41. 



Fig. 3.61 250 N 



Using the diagram above, calculate the magnitude of the 
about the point Q. 


moment of the force of 250N 
NECO 2008 £2 Ans: 21.21Nm 
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4 


EQUILIBRIUM OF BODIES 
IN LIQUIDS 

ARCHIMEDES PRINCIPLE: 

The equilibrium of bodies in liquid is governed by Archimedes principle and 
principle of floatation. Closely related to these, are the densities and relative densities of 
objects and fluids 

Archimedes Principle states that when an object is completely or partially 
immersed in a fluid, it experiences an upthrust which is equal to the weight of the fluid 
displaced by the object. 

Principle of floatation states that an object will float when the upthrust exerted 
upon it by the fluid in which it floats is equal to the weight of the body. 

Upthrust of object in fluid, = Weight of object in air — Weight of object in fluid. 

Up = w A - 

Note that the fluid could be water, gas or any other liquid, therefore Up and Wp could be 
Uw, W w and U L , W L . 

Upthrust of object in fluid = Weight of displaced fluid 

= Mass of displaced fluid x g 
= Density of fluid x volume of displaced fluid x g 
= Density of fluid x volume of object x g 

U F = p x V x g 

Density, p, is defined as the mass per unit volume of a substance, measured in kg/m 3 . 
Relative density, R.d, of a substance is the ratio of the mass or weight of any volume of it 

to the mass or weight of an equal volume of water. 

mass of substance 

R. d of solids - e q Ua i volume of water 

weight of substance 
weight of equal volume of water 
density of substance 
density of water 

weight of object in air 
weight of equal volume of water 
weight of object in air 
_ upthrust of object in water 

upthrust of object in liquid 
R.d of liquids - upt h rust 0 f object in water 

volume of liquid displaced by object 
_ volume of water displaced by same object 
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apparent loss of weight of a solid in liquid 
apparent loss of weight of same solid in water 


Example I 

An object weighs 10. ON in air and 7. ON in water. What is its weight when immersed in a 
liquid of relative density 1.5? WAEC l 990 

Solution 

Given : Relative density of liquid = 1.5 Weight of object in air, W A = 10 N 

Weight of object in water, W w = 7 N 
Problem. Weight of object in liquid, W L 

• • Upthrust on object by water, U w = W A — W w = 10 — 7 = 3N 
The appropriate formula is 


R. d of liquid 


upthrust of object in liquid (U L ) 
upthrust of object in water (U w ) 


Substituting, 



U L = 3 x 1.5 = 4.5N 


Generally, upthrust = weight in air — weight in fluid (liquid) 

Weight of object in liquid = weight in air — upthrust in liquid 

w L = w A - U L 
W L = 10- 4.5 = 5 . 5 N 


Example 2 

A block of material of volume 2 x I0~ 5 m 3 and density 2.5 x 10 3 kgm' 3 is suspended from a 
spring balance with half the volume of the block immersed in water. What is the reading 
of the spring balance? (Density of water = 1.0 x 10 3 kgm \ g=10m/s 2 ) WAEC 1993 

Solution 

Given : Volume of object V = 2 x 10 _s m 3 ; Density of object, p — 2.5 x 10 3 kgm~ 3 
Volume of object immersed = |v-^(2 x 10" 5 ) = 1 x 10“ 5 m 3 
Density of water = 1.0 x 10 3 kgm' 3 
Problem : Spring balance reading = weight of object in water, W w 

Mass 

Density (p) = Vo | ume( y) " Mass of ob ) ect = P V = 2 x l<r s x 2.5 x 10 3 

= 0.05fc 5 

Weight of object in air, W A = mass of object x g 
= 0.05 x 10= 0.5N 

Upthrust of object in water, U w = Density of water x Volume of object immersed X g 

= p x V x g = lx 10 -5 x 1.0 x 10 3 x 10 = 0.1 N 

U w - W A - W w weight of object in water, W w = W A - U w = 0.5 - 0.1 = 0.4N 

Example 3 

A rectangular block of wood floats in water with two-third of its volume immersed. 
When placed in another liquid, it floats with half of its volume immersed. Calculate the 
relative density of the liquid. WAEC 1998 
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Solution 


Given: Volume of block immersed in water = V w = -V 
Volume of block immersed in liquid = V L - ^ V 
Problem : Relative density of liquid 


R d of liquid - volume of liquid displaced by object (V L ) 

volume of water displaced by same object (V w ) 

Note. The volume of fluid (liquid or water) displaced is equal to the volume of object 
immersed in fluid. 

R.d =^ = i^ = ii/-^y = iy x ^ = 7 = 0.7S 


V w fv' 2 


2V 4 


Example 4 

A solid plastic cube of side 0.2m is submerged in a liquid of density 0.8kgm Calculate 
the upthrust of the liquid on the cube (g= 10m/s 2 ). WAEC 1997 

Solution 

Given : Length of cube, l = 0.2m Density of liquid, p = 0.80 kgm~ 3 

Problem : Upthrust on the cube 

Volume of cube = V = l 2 = (0.2) 3 = 0.008m 3 
Upthrust = density of liquid X volume of object x g 
= 0.8 x 0.008 x 1 0 — 0.064N 


Example 5 

The density of water is lg/cm 3 while that of ice is 0.9g/cm 3 , calculate the change in 
volume when 90g of ice is completely melted. WAEC 1994 

Solution 

Given: density of water, p w - lgcm -3 density of ice, p, = 0.9^cm* 3 

mass of ice or water, m = 90g 


mass 

Density = — ; 

volume 


Volume = 


mass 

density 


m 

Volume of ice - V t - — 
Pi 


— = 100cm 3 


Volume of water = V w = — = — = 90cm 3 
Pw ^ 

Change in volume = V, - V w = 100cm 3 - 90cm 3 ~ 10 cm 3 


Example 6 , % 

What volume of alcohol with a density of 8.4 x 10‘kgm*' w ill have the same mass as 
4.2m 3 of petrol whose density is 7.2 x 10 2 kg/m 3 . NECO 2006 

Solution 

Given . density of alcohol, p a = 8.4 x kgm~ 2 \ Density of petrol, p p = 7.2 xlO 2 kgm~ 2 
Volume of petrol, V p = 4.2m 3 
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Problem: Volume of alcohol, V a 


mass 

Density= ^k^ 


Mass = density x volume 

— 7 ? x 1 0 2 x 4.2 = 3024kg 
‘ mass of petrol, M p — Pp x Vp — 

Therefore, mass of alcohol, m a ~ 3024kg 


m a 


3024kg 


Volume of alcohol, V a - — - g 4 * To 2 kgm 


= 3.6m 


Example 7 . .. - d Y Calculate the relative 

A solid weighs 5. ON in air, 4.2N in water and 4.4N in Iiq PJECO 2000 

density ofliquid Y. 

Solution * VA/ _ A 9 xr 

Given: Weight of solid in air, W A = 5. ON Weight of solid in water, W w 

Weight of solid in liquid Y, W L = 4.4N 
Problem: Relative density ofliquid Y. 

Upthrust of solid in liquid, U L = W A — W L — 5.0 — 4.4 = 0.6 N 
Upthrust of solid in water, U w = W A — W w = 5.0 - 4.2 = 0.8 N 

upthrust of object in liquid (U L ) W A — W L = = 0.75 

^ upthrust of object in water (U w ) W A — W w 0.8 N 


Example 8 

40m 3 of liquid is mixed with 60m 3 of another liquid Q. If the density of P and Q are 
1 .00kg/m 3 and 1 ,6kg/m 3 respectively. What is the density of the mixture? A. 0.05 kgm ~ 3 
B. 1.25 kgm~ 3 C. 1.30 kgm' 3 D. 1.36 kgm~ 3 JAMB 1990 

Solution 

Given: Volume ofliquid P, V P = 40m 3 Volume ofliquid Q, V Q = 60m 3 

Density of liquid P, p P = l.O^m' 3 Density of liquid Q, p Q =1.6 kgm~ 2 
Problem : Density of mixture. 

mass 

Density = vo]ume Mass = density x volume 

Mass of liquid P ( Mp = p P x^ = 1.0 x 40 = 40 kg 
Mass ofliquid Q, M Q = p Q x V Q - 1.6 x 60 = 96 kg 
Total mass of mixture, M = M P + M Q - 40 -f 96 = 136 kg 
Total volume of mixture, V - V P + Vq = 40 + 60 = 100m 3 

Density of mixture, p = — = l 36 - ^ -> 

V ioo~~ 136/ ^ m 


Example 9 

The mass of a stone is I5.0g when completely immersed m water w inn u 
completely immersed in a liquid of relative density 2 0 wh'it ; c .u and uien 

air? A. 5.0g B. I2.0g C. 20.0g DM to ' ° f ,hc s,onc in 

Solution 8 JAMB mi 

Given mass of stone in water, M w = 15 .0g = 0.015kg 
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Mass of slone in liquid, M L - 10. Og = 0.010kg 
Relative density of liquid, r.d = 2.0 
Problem: mass of stone in air. 

upthrust in liquid Weight in air — Weight in liquid 

R.d of liquid p upthrust in water Weight in air - Weight in water 

From W = mg, weight of stone in water, W w = 0.0 1 5kg x 10 = 0.1 5N 
Weight of stone in liquid, W L = 0.010 x 10 = 0.1N 
Weight of stone in air = W A 


R. d of liquid = — — - 

Wa-W w 


W A - 0.1 
W A -0.15 


Cross multiplying, 2 {W A - 0. 1 5) = W A - 0.1 

2 W A - 0.3 = W A -0.1 
2 W A - W A =0.3 -0.1 
W A = 0.2N 

M/ _ r W A 

w — mg *. mass of stone in air, m — — 

9 


02 

To 


0.02 kg = 20 g 


Example 10 

The mass of a specific gravity bottle is 15.2g when it is empty. It is 24.8g when filled 
with kerosene and 21.2% when filled with distilled water. Calculate the relative density of 
kerosene. A. 1.25 B. 1.10 C. 0.90 D. 0.80 JAMB 1994 

Solution 

Given : mass of empty bottle, m = 15. 2g 

Mass of empty bottle with kerosene, M K = 24.8g 
Mass of empty bottle with water, M w = 27.2g 
Problem : Relative density of kerosene. 


R. d = 


mass of liquid M K —m 24.8 - 15.2 9.6 

mass of equal volume of water M w - m 27.2 - 15.2 _ 12 


= 0.8 


Example 11 

If a spherical metal bob of radius 3cm is fully immersed in a cylinder containing water 
and the water rises by 1cm. What is the radius of the cylinder? 

A. 12 cm B. 1 cm C. 3 cm D. 6cm JAMB 2001 

Solution 

Given: Radius of bob, r = 3cm 

Height by which water rises in cylinder, h = 1cm 
Problem: Radius of cylinder 

4 4tt 4tt 

Volume of metal bob = -nr 3 = — x 3 3 = — x 27 — 36tt 
d 3 3 

In general, volume of liquid displaced = volume of object (metal bob) 

In this case, volume of liquid displaced = volume of water rise in cylinder 
Volume of water rise in cylinder = volume of metal bob 

nr 2 h = ^ nr 3 
7T x r 2 x 1 = 36 tt 
nr 2 = 36tt 
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r 2 = 36 


T = V36 = 6cm 


-3 


Example 12 . . with a ga s of density 0 54 kgm 

Consider a balloon of mass 0.030kg being innate nse air ol density 

What will be the volume of the balloon when it jus b W AEC 2008 r 1 

1.29 kgm' 2 ? (g = 10ms' 2 ) 


Solution 

Let V be the volume of the balloon 
mass 


Density = 


mass = density x volume 


volume 

Mass of air in balloon = V xdensity of gas 
= 0.54F 

Mass of balloon = 0.030kg 

Mass of air displaced = volume of balloon x density of air 
= 1.29^ 

For the balloon to begin to rise, the mass of the air displaced must be equal to the mass o 
the balloon and the air inside it 

1.29V = 0.54F + 0.030 
1.29V - 0.54V = 0.030 

0.751^ = 0.030 
0.030 

V = — — = 0.04m 3 
0.75 


EXERCISES 4. 


1. A block of material of volume 20cm' 3 and density of 2.5gcm 3 is suspended from a 

spring balance with half of the volume of the block immersed in water. What is the 
reading of the spring balance? WAEC 1989 Ans : 0 4N or 40g 

2. A solid weighs 0.04N in air and 0.024N when fully immersed in a Itquid of 
density 800 kgm 3 . What is the volume of the solid? (g=10m/s J ) 

, A .. . , . , , , „ 5 . WAEC 1992 Ans :2xl<T 6 m 3 

3. A block of matenal of volume 2 xlO m and density 2.5 x 10' 3 kg/m 3 is 
suspended from a spring balance with half volume of the block immersed in water What 
is the reading of the spring balance? (Density of water = 1 000kg/m 3 , g= 1 0m/s 2 ) 

a . . . .„. „ WAEC 1993 Arts: 0.40ft 

O ^ b0 «,u We,gh i nE T a,r 15 part,ally ,mmCTse ? in water. It displaces water of 
mass 0.3kg. What is the upthrust on the body? (g^lOnVs 2 ) WAEC 1995 Ans 3N 

5. An object weighs 2.7N in air and 1.2N when completely tmmersed ,n water. 
Calculate its relattve density. WAEC ^ y 8/) 

6 ‘ oU e rT r f nt w l e ' ght 1 0f a wholly immersed water is 32N and us weight in 

air is 96N. Calculate the volume of the body (Density of water = lOOOkg/m 3 g=IOm 7 s 2 ) 

WAEC 2000 Ans. 6.4 x Iff 3 m 
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7* A piece of brass of mass 20. Og is hung on a spring balance from a rigid support 
and completely immersed in kerosene of density 8.0 x 10 2 kgm 3 . Determine the reading 
on the spring balance (g=10m/s 2 , density of brass = 8.0 x I0 3 kgm' 1 ) 

WAEC 2 000 A ns: 0.2N 

8. An object of weight ION immersed in a liquid displaces a quantity of the liquid. 
If the liquid displaced weighs 6N, determine the upthrust on the object. 

WAEC 2001 A ns: ON 


9. The apparent weight of a body fully immersed in water is 32N and its weight in 

air is 96N. Calculate the volume of the body. (Density of water - 1000kg/m 3 , 
g= 10m/s 2 ). WAEC 2001 Ans: 6.4 x JO 'm 3 

10 . A piece of metal of relative density 5 0 weighs 60N in air. Calculate its weight 

"’hen fully immersed in water. WAEC 2003 Ans: 48N 

11. A solid weighs 45N and 15N respectively in air and water. Determine the relative 

density of the solid. WAEC 2002 Ans: 15 

12 . A uniform cylindrical hydrometer of mass 20g and cross scctiona n 0.54cm' 

float upright in a liquid. If 25cm of its length is submerged, calculate the r«. e density 
of the liquid (Density of water - lg/cm 3 ) W. \EC 2000 Ans: 1.48 

13. An object weighs 60.0N in air, 48. 2N in a certain liquid X, and 44. 9N in water. 

Calculate the relative density of X. WAEC 2004 Ans 0. 782 

14. Calculate the change in volume when 90g of ice is completely melted, (dens* y of 

water = lg/cm 3 , density of ice = 0.9 g/cm 3 ) WAEC 2004 .is: /• : 3 

15 . A block of volume 3 x 10 5 m 3 and density 2.5 x 10 3 kgm* 3 is suspended t» ..n a 
spring balance with 2 / 3 of its volume immersed in a liquid of density 900kgu' 3 . 
Determine the reading of the spring balance. (g=10m/s 2 ) WAEC 2006 Ans 0 57 N 

16 . A piece of metal of density 3.9 x 10 3 kgm 3 weighs 10N in air. Calculate the 

apparent weight of the metal when completely immersed in a liquid of dens. . 1 x 

10 2 kgm‘ 3 (g=10m/s 2 ). NECO 2005 Ans: 8.95N 

17 . A body has masses of 0.013kg and 0.012kg in oil and water respectively, if the 
relative density of oil is 0.875, calculate the mass of the body. NECO 2004 Ans: 0.02kg 

18 . An object weighing 8N in air is partially immersed in water. It displaces water of 
mass 0.3Kg. What is the upthrust on the body? (g=10m/s 2 ) NECO 2003 Ans: 3N 


19 . A body of weight 20N displaces 12N of the liquid in which it is immersed. What 

is the upthrust of the liquid on the body? NECO 2002 Ans: 12N 

20 . A piece of stone weighs 180N in air and 150N in a beaker containing 160N of 
methylated spirit. What is the upthrust exerted on the stone? NECO 2000 Ans: 30N 

21 . The density of 400cm 3 of palm oil was 0.9g/cm 3 before frying. If the density of 
the oil was 0.6gcm' 3 after frying, assuming no loss of oil due to spilling, what was its new 
volume? A. 360cm 3 B. 600cm 3 C. 240cm 3 D. 800cm 3 E. 450cm 3 

JAMB 1979 Ans: 600cm 3 

22. An object of mass m and volume V is totally immersed in a liquid of density p. 

What will be the tension of a spring holding the object? A. mg B. (m + pV)g 

C. (m - pV)g D. pVg E. mg/(m - pV) JAMB 1980 Ans: C 

23 . The relative densities of zinc, brass, copper, gold and silver are respectively 7.1, 
8.5, 8.9, 19.3 and 10.5. A metal ornament which weighs 0.425kg and can displace 

50 x lO^m 3 of water is made up of which of the above listed metals? A. Zinc B. brass 

C. copper D. gold E. silver JAMB 1980 Ans: Brass (8.5) 

24 . A cube of side 10cm and mass 0.5kg floats in a liquid with only V 5 of its height 

above the liquid surface. What is the relative density of the liquid? A. 0. 1 25 B. 0.250 
C. 0.625 D. 2.500 JAMB 1987 Ans: 0.625 

25 . A copper cube weighs 0.25N in air, 0.1 7N when completely immersed in paraffin 

oil and 0.1 5N when completely immersed in water. What is the ratio of upthrust in oil to 
upthrust in water? A. 4:5 B. 3:5 C. 13:10 D. 7:10 

JAMB 2002 Ails: 4:5 


146 



26 . 


What volume of alcohol with a density of 8.4 x 10 kgTn 

3.1 A 1 


1 will have the same mass 
as 4 2m 1 of peirol whose density is 7,2 x 10’kgm'V A 4m J 

tt A iesMutfTf’ .dies 1 ,0cm ,s loaded 8 .«» If » is H-JjgSf 
the depth to which it would sink (g=10m/s~, density of water 

B. 5.2cm C. 25.5cm D. 28.0cm 2003 Ans Mm 

28 . The change in volume when 450kg of ice is completely me.te . • • 3 

ice = 900kg/m 3 , density of water = 1 000kg/m 3 ) A. 0.05 m ■ ■ m , 

C. 4.50m 3 " D 0.50m 3 ^MB 2004 Ans: OOSm 

29 . A body whose mass is 2kg and has a volume of 500cm just u ^3 

completely immersed in a liquid. Calculate the density of the liquid. A. 4.0 x grn 

B. 4.0 x 10 3 kgm~ 3 C. 1 .0 x 10 3 kgm~ 3 D. 1.0 x 10 *kgm 

JAMB 1988 Ans: 4.0 x 10 3 kgm 

30. If a plastic sphere floats in water (density = 1 OOOA'^m ) with 0.5 of its volume 

submerged and floats in oil with 0.4 of its volume submerged, what is the density o t i^e 
oil? A. 800 kgm~ 3 B 1200 kgm ~ 3 C. 1250 kgm ~ 3 D- 2000 kgm 

JAMB 1992 Ans 1250 kgm' 3 


31 . An object of mass 400g and density of 600kg/m J is suspended with a spring so 

that half of it is immersed in a paraffin of density 900kg/m 3 . What is the tension in the 
spring? A. 1. ON B. 3. ON C. 4.0N D. 5. ON JAMB 1993 Ans: IN 

32 . If it takes 5.0hrs to drain a container of 540 0m 3 of water, what is the flow rate of 

water from the container in kg/s. (Density of water = lOOOkgm 3 ). A. 32.5 B. I 5 

C. 30.8 D. 30.0 JAMB 1994 Ans Vfk\>/s 

33. If a solid X floats in liquid P of relative density 2.0 and in liquid Q ol relative 
density 1.5, it can be inferred that the 

A. Weight of P displaced is greater than that of Q 

B. Weight of P displaced is less than that of Q 

C. Volume of P displaced is greater than that of Q 

D. Volume of P displaced is less than that of Q 


JAMB 1994 Ans: D 


34 . A cube of sides 0.1m hangs freely from a spring. What is the upthrust on the cube 

when totally immersed in water? (Density of water is lOOOkgm' 3 , g=10m/s 2 ). A. 1000N 
B. 700N C. 1 10N D. 10N JAMB 1997 Ans : 10N 

35. A solid of weight 0.60N is totally immersed in oil and water respectively. If the 
upthrust in oil is 0.2 10N and the relative density of oil is 0.875, find the upthrust in water. 

A. 0.600N B. 0.360N C. 0.240N D. 0.1 80N JAMB 1998 Ans: 0.24 

36 . A solid weighs 10.0N in air, 6.0N when fully immersed in water and 7.0N when 
fully immersed in certain liquid X. Calculate the relative density of the liquid A 5/3 

B. 4/3 C. 3/4 D. 7/10 JAMB 1999 Ans. 0. 75 or 3/4 

37 . Two liquids Li and L 2 are contained in a U-tube. The height and the density of L| 
are 8cm and 10 3 kgm 3 respectively. If the density of ! 2 is 800kg/m 3 , what is its height 
measured from the same level? A. 8cm B. 16cm C. 12cm D. 10cm 

JAMB 2005 Ans: Wan. 

38 . A 3m volume of liquid W of density 200kgm is mixed with another liquid 1 of 
volume 7m 3 and density 150kgm \ What is the density of the mixture? A. 265 kn>n 1 

B. 165 kgm~ 3 C. 100 kgm' 3 D. 350 kgm' 3 JAMB 2005 Ans: Uai 

39 . If the relative density of gold is 19.2, what is the volume of 2.4ke \> 

(Density of water = 10 3 kgm' 3 ). A. 1.92 x 10 _4 m 3 B. 4.61 x 10 

C. 8.00 x 10' 3 m 3 D. 1.25 x 10 _4 m 3 JAMB 2006 Ans: 1.25 x n ,/ 3 

40 . A density bottle has a mass of 50.0g when empty. When it is filled with ,k , its 

mass is lOO.Og. Calculate the mass of the bottle when it is filled with kerosene vc 

density of kerosene = 0.8) NECO 2007 Ans 

41 . A liquid of volume 2.00m 3 and density 1.00 x 10 3 kgm 3 is mixed w ith of 

another liquid of density 8.00 x 10 3 kgm' 3 . Calculate the density of the mixture \ me 

there is no chemical reaction] WAEC 2007 Ans: 5 2 Ox ■ 
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42. A piece of iron weighs 250N in air and 200N in a liquid of density lOOOkgm . 
The volume of the iron is A. 2.0x10 'm J B. 5.0x10 m (..4.5x10 m 

D. 2.5 xl0 3 m 3 [g=IOm/s 2 | JAMB 2007 Ans: 5.0x10 m 


JAMB 2007 Ans: 5.0 x 10 m 


^ ~ i yj in lb~ iviii/a | ■ 

43. An empty density bottle weighs 2N. If it weighs 5N when filled with water and 
4N when filled with olive oil, the relative density of olive oil is 

A. 1/3 B. 2/3 C. 1/5 D. 2/5 JAMB 2008 lfl Ans: 2/3 

44. A piece of stone weighs 0.8N in air, 0.60N when completely immersed in water 
and 0.66N when completely immersed in a liquid X. Calculate the relutive density of X. 

\iprn ?nnft 10 . 0 70 


45. A plastic sphere floats in water with 50% of its volume submerged. If it floats in 
glycerine with 40 % of its volume submerged, the density of the glycerine is 

A. 1400kgm 3 B. 1250 kgm' 3 C. 500 kgm 3 D. 1000 kgm 3 

(Density of water = 1000 kgm 3 ) JAMB 2009 17 Ans: 800 kgm 3 

46 . A body of volume 0.046m 3 is immersed in a liquid of density 980kgm 3 with Va of 
its volume submerged. Calculate the upthrust on the body, (g = 10ms 2 ) 

WAEC 2009 4 Ans: 338. 10N 
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5 


CIRCULAR AND SIMPLE 
HARMONIC MOTIONS 


CIRCULAR MOTION cjrcle or circu iar path. An 

Circular motion is defined as the motion of an object roun a , ong a c i rcu lar path 

object is said to undergo uniform circular motion when it i t> 

at constant speed. Circular motion has three basic characteristics. 

1 . constant speed 

2. changing or variable velocity 

3. centn petal acceleration. j : 

Centripetal acceleration is experienced by any object undergoing circu ar mo 

always directed towards the centre of the circular path. 


Centripetal acceleration, 


V 2 


where V = speed or velocity 

r = radius of circular path 

Centripetal force is defined as the force that keeps an object moving along a circular path 
at constant speed. 

Remember, force = mass(m) x acceleration(a). 


Therefore, 
That is, 


centripetal force = mass x centripetal acceleration 
mV 2 

Centripetal force, F = 

r 


Example 1 

An object of weight 150N moves with a speed of 4.5m/s in a circular path of radius 3m. 
Calculate its centripetal acceleration and the magnitude of the centripetal force. [Take g 
as 10m/s 2 ] 

Solution 

Weight of object, W = 150N; Speed or velocity, V = 4.5ms" 1 ; radius, r = 3m 


c ... , . . „ W 150N 

F = W = mg mass of object, m = — = — — ^ — = 15kg 


V 2 4 5 2 

Centripetal acceleration, a = — = — = 6.75ms “ 2 


Centripetal force, F = 


mV 2 15 x 4.5 2 


■= 101.25N 


Example 2 

If an object of mass 4kg goes round a circle of radius 0.5m in 3.142s what is the force 
towards the center? [a = 3.142] 

Solution 


The force towards the centre is the centripetal force. 


F 


mV 2 


r 
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The distance round a circle is the circumference of a circle, 2 n 
Time taken to go round circle = 3. 142s 

distance 2n 

Velocity of object = time “ - v ~ 3.142 

= L x Ji 42 = 2ms . 1 
3.142 


F = 


mV 2 4 x 2 2 


0.5 


= 32N 


Example 3 

A stone of mass 500g tied to a rope 50cm long is whirled at an angular velocity of 12.0 
rads* 1 . Calculate the centripetal force. 

Solution 

Mass, m = 500g = 0.5kg; radius, r = 50cm = 0.5m 

Angular velocity (NOT linear velocity), o> = 12 rads* 1 


Linear velocity (V) is related to angular velocity i.e. 
Substitute V = car into centripetal force, F = 


V = cor 
mV 2 
r 


F = 


m(ojr ) 2 

r 


mu) 2 r 2 , 

= mo) r 

r 


F = moj 2 r = 0.5 x 12. 0 2 x 0.5 = 36N 


Example 4 

A body moves along a circular path with uniform angular speed of 0.6 rads 1 and at a 
constant speed of 3.0ms l . Calculate the acceleration of the body towards the centre of 
the circle. WAEC 1993 

Solution 

Angular speed or velocity, co = 0. brads* 1 ; Linear speed, V = 3.0ms' 1 

V 2 

Acceleration towards the centre of the circle is same as centripetal acceleration, a = — 


From V = cor, the radius (r) of the circular path can be found 


r 


V 

0) 



V 2 

Centripetal acceleration^ = — 


3 2 

T 


1.8ms” 2 


Example 5 

A force F is required to keep a 5kg mass moving round a cycle of radius 3.5km at a speed 
of 7ms -1 . What is the speed, if the force is tripled? A. 4.0ms” 1 B. 6.6ms -1 

C. 12.1ms” 1 D. 21 .0ms -1 JAMB 2008 s 

Solution 

Mass , m = 5kg; speed, v = 7ms” 1 ; radius, r = 3.5m 


The force in action is centripetal force 

mV 2 

.-. F = 

r 


5 x 7 2 
3.5 


5 x 49 

3.5 


= 70N 


“...if the force is tripled . . the centripetal force F becomes 3F or 3 x 70 = 2 10N 


Substitute F = 210N; m = 5kg; r = 3.5m 
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mV 2 

5x^' 

2,0= ^rr 

210x35 = 147 

^ ~ 5 

V = VT47 = 12.1 ms 


Example 6 cecond calculate the velocity of 

If a wheel 1.2m in diameter rotates at one revolution per ’ q 7.5ms' 1 

the wheel. A. 3.6ms" 1 B 3.8ms 1 C ms JAMB 2008 6 


Solution 

radius = • 


diameter 1.2m 


= 0.6m 


convert angular velocity (“...at one revolution per second ) to radian pe 
follows: 

1 revolution, 6 = 360° = In radians; time for 1 rev, t = Is 

Angular velocity, a> = - = — = 2 x 3.14 = 6.28 rads 
Linear velocity, V ~ rej = 0.6x 6. 28 = 3. 8ms 


SIMPLE HARMONIC MOTION 

A body is said to undergo simple harmonic motion if: 

(i) its acceleration is always directed toward a fixed point. 

(li) Its acceleration is directly proportional to its distance from the point. 

Amplitude of a simple harmonic motion is maximum displacement of a body from its 
central or equilibrium position. 

Period of a simple harmonic motion is the time taken to complete one cycle, 
oscillation or vibration. 


Period, T 


time taken t 

number of oscillations n 


Frequency of a simple harmonic motion is the number of complete oscillation per 

second. 

number of oscillations n 

Frequency, f _ 

time taken t 

Frequency is measured in cycle per second (s ') or Hertz. 


The following equations can be applied in problems involving simple harmonic 


1. 

OJ = — 
t 

2. 

V = oj r 

3. 

GJ = 2 nf 

4 





a) 

5. 

a ~ (j) 2 r or a = a) 2 A 

6. 

a = a r 
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V — OJyjA 2 - X 2 

8 

11 

Sfle 



1 

360° = 2 n rad 

10. 

1 ^ 

11 

h* 


Where 


u) = angular velocity (rads -1 ) 

0 = angle turned by body (rad) 

A,t = amplitude or radius (m) 
f — frequency (s' 1 ) or Hertz (Hz) 
a = angular acceleration (rads -2 ) 
x - displacement of object from ce 


t = time in seconds (s) 

V = linear velocity (m/s) 
a = linear acceleration m/s' 
T = period (s) 

of motion 


The following examples will illustrate how any, or a combination of these equations can 
be applied to solving problems. 


Example 7 

An object of mass 0.40kg attached to the end of a string is whirled round in a horizontal 
circle of radius 2.0m with a constant speed of 8ms V Calculate the angular velocity of the 
object. WAEC1997 

Solution 

Radius, r - 2.0m; linear speed, V = 8ms" 1 ; mass, m = 0.40kg 
Linear velocity (V) is related to angular velocity (co) by, V = cur 

V 8 

a) = — = - = 4 rads 
r 2 


Example 8 

The period of oscillation of a particle executing simple harmonic motion is 4jc seconds. 
If the amplitude of oscillation is 3.0m, calculate the maximum speed of the particle. 

WAEC2Q0Q 

Solution 

Period, T = 47t sec; amplitude, r = 3.0m; speed, V = ? 


T 




2tt 

4tt 


1 

2 


0.5s" 1 


Substitute into V = to r, to obtain 

V = 0.5 x 3 = 1.5ms" 1 


Example 9 

A body moving with simple harmonic motion in a straight line has velocity, V and 
acceleration, a, when the instantaneous displacement, x in cm, from its maximum position 
is given by x = 2.5 sin0.47tt, where t is in seconds. Determine the magnitude of the 
maximum; (i) velocity (ii) acceleration WAEC 2005 

Solution 

The equation x = Asinwt represents the motion of an object undergoing simple harmonic 
motion and can be compared with the given equation as follows. 
x - Asincot 
x = 2.5sin 0.4jtt 

Therefore, the amplitude or radius, r = 2.5cm = 0.025m 
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Angular speed, o> - 0.4 n rads" 1 j -1 

(i) velocity, V - tor - 0.4* x 0.025 - 3.M x ^ 

(i.) acceleration, a - «'r - ((Mu)’ x 0 025 - 3,95 x 10 ™ 


Example 10 th an 

A body is rotating in a horizontal circle of radius . m 
Calculate the magnitude of the radial acceleration o t c 

Solution 

acceleration, a “ u) 2 r ■■ (5) x 2.5 ■ 6 ms 


angular speed of 5 rads ‘ 
WAEC 2006 


Example 1 1 

A particle moves in a circular orbit of radius 0.02m. 
\ calculate its frequency in cycles per second. 

A. 2.0 B. 7.0 C. 8.8 D. 14.0 

Solution 

Radius, r = 0.02m; linear speed, V = 0.88ms -1 


V = tor 

angular speed, 

a) = 2nf, 

frequency, f 


If the speed of the particle is 0.88ms 
E 17 .6 JAMB 1984 

V 0.88 ^ ^ 

-I = 4 4 rads 

r 0.02 

= ii = 11 = 7.00s' 1 

2tt 2n 


SIMPLE PENDULUM 


The motion of a simple pendulum is a typical example of a simple harmonic motion. All 
equations given above can be applied. 


The period of a simple pendulum is given as T = 2 ttJ 


l_ 

9 


1 


Where T = period of the pendulum in seconds (s) 
l = length of pendulum in meter (m) 
g = acceleration due to gravity in ms~ 2 

The period T j and length /j of a particular pendulum con be compared with the period T 2 
and length l 2 of the same or different pendulum in the same location. The length of a 
pendulum is its main distinguishing factor from other pendulums. 


Square both sides of T = 



to obtain 


T 2 


47T 2 Z 

9 


For the l“ pendulum, equation (2) becomes 


r i - 

4tt 2 r, J 

Rearranging, — = j- 


2 


3 

•4 
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4 n 2 

9 


is a fixed constant for all pendulum of whatever length in a particular location. 


For the 2 nd pendulum, equation (2) becomes 



Rearranging, 


4tt 2 t$ 
9 “ 1 2 


Equate equation (3) and equation (4) to obtain 


7? _ Ti 

k ” h 

T 2 i 

Rearranging, = T 

]\ = £ 
T * 

Ik = A 

T2 yff 2 


5 


Example 12 

What is the period and frequency of a simple pendulum that makes 40 oscillations in 35 
seconds. 

Solution 


Period, T 


time of oscillation 
number of oscillations 


t 35 

- = — = 0.875s 
n 40 


Frequency, 

or 



number of oscillations 
time of oscillation 


0.875 


= 1.14 Hz 


n 

t 


40 

35 = 114 Hz 


Example 13 

A boy timed 30 oscillations of a certain pendulum thrice and obtained lmin 10s, Imin. 
12s and 1 min. 7s respectively. The mean period of oscillation of the pendulum is 
A. 0.14s B. 0.43s C. 2.32s D. 6.97s JAMB 1991 

Solution 


Convert all times into seconds and substitute into T 


1 min. 10s 70s 

7\ = — = — = 2.33s 


30 


30 


t 

n 


T 2 = 


1 min. 12s 
30 


72 s 
~30 


2.4s 


t 3 = 


1 min. 7s 
30 


67s 

Jo 


2.23s 
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. , r, + T 2 + 7- 3 2.33 + 2.40 + 2.23 _ ^96 = ? ^ 

Mean period = = ^ 3 


Alternatively, mean time, t 


Mean period = 


3 3 

t, + tj + t 3 _ 70 + 72 + 67 = 209 = ^ 


3 

_ 69.6 

number of oscillations 30 


mean time 


= 2.32s 


Example 14 

The bob of a simple pendulum takes 0.25s to swing from its equilibrium position to one 
extreme end. Calculate its period. WAEC 2000 

Solution 


Fig 5.1 



If it takes 0.25s for the bob to swing from O to A, it will then take 4 x 0.25s to undergo 
one oscillation, i.e. 1 -2-3-4 or O-A-O-B-O. 


Period, T 


t 4 x 0.25s Is 

- = = — = 1.00s 

nil 


Example 15 

A simple pendulum 0.64m long has a period of 1.2s. 
pendulum 0.36m long in the same location. 

Solution 

Substitute both instances into 


T 2 


4 7T 2 / 
9 


Calculate the period of a similar 
NECO 2005 


1 st instance 


2 nd instance 


1 . 2 2 


4tt 2 X 0.64 
9 


T 2 = 


47r 2 x 0.36 
9 


Make g the subject in each case and then equate both g’s 

47T 2 x 0.64 4 tt 2 x 0.36 

9 ~~ 12 2 9 ~~ ji 

4tt 2 x 0.64 4 tt 2 x 0.36 


1.2 2 T 2 
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Cross multiply and make T 2 subject 

4tt 2 x 0.64 x T 2 = 1.2 2 x 4 tt 2 x 0.36 


T 2 = 


T 2 = ■ 


1.2 2 x 4rr z x 0.36 
4 n 2 x 0.64 
1.2 2 x 0.36 


0.64 

T = Va81 = 0.9s 


= 0.81 


The above method is long and more difficult, so you are advised to use the following 
quicker and easier method for this and other similar questions. 

Period of first pendulum, T, = 1 2s 
Length of first pendulum, 0.64 
Period of second pendulum, T 2 = ? 

Length of second pendulum, l 2 = 0.36 



Example 16 

A simple pendulum with a penod of 2.0s has its length doubled. Its new period is. 


C. 0.35s 


D. 2.83s 


A. 1.00s B. 1.41s 

Solution 

Period of first pendulum, 7\ = 2.0s 
Length of first pendulum, = l 
Period of second pendulum, T 2 =? 

Length of second pendulum, l 2 = 21 (.... length doubled...) 

T± _ It _ 2 _ 

T 2 2 (, " 2 /, 


E. 4.00s JAMB 1985 


Ti = 


2 2 x 21 

i 


4 x 2/ _ 8 / _ Q 


T = yjs = 2.83s 


Example 17 

A simple pendulum has a penod of 4.50s when the length of the pendulum is shortened 
by 1 2m the period is 2.50s. Calculate the original length of the pendulum. 

Solution 


Period of first pendulum, Tj = 4.5s 

Length of first pendulum, l x = l 

Period of second (shortened) pendulum, T 2 — 2.50s 

Length of second (shortened) pendulum, / 2 = / — 1.2 

T? l x 

Substitute into ^ = 7 - to obtain 
'2 l 2 
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4.5 2 _ l 

2.S0 2 l- 1- 2 
20.25 l 

6.25 "/- 1-2 
20.25/ - 24.3 = 6.25/ 
20.25/ - 6.25/ = 24.3 
14/ = 24.3 


/ = 


24.3 

14 


1.74m 


ENERGY OF SIMPLE HARMONIC MOTION 

The energy of a simple harmonic motion is derived when the motion ofal 

spiral spring is considered. The following equations, in addition to those given <- , 

. ... .. .. i i i _ j : i rnrinn an H pner 2 V of simple 


harmonic motion. 



1. T-2.J 

or 

T 2 = 

2. F — Ke or 

mg 

= Ke 

3. T = 2tz\~- 
1 0 

r— 

or 

T 2 = 

\k 

4. cn= \— 




47r 2 m 


4rc 2 e 


m 


1 \ K 

5 ‘ / = 2 ;Jm ° r f = 

6. IV =jO z =imoi 2 i4 2 


47r 2 m 


Where T = period in seconds (s) 

m = mass of body in kilogram (kg) 

K = force constant of spring in Nm' 1 
e = extension of spring in meter (m) 
g = acceleration due to gravity (ms' 2 ) 

F = force, load or weight in Newton (N) 
co = angular speed or velocity (m/s) 
f = frequency of motion in s' 1 or Hz 
W = total work done by spring or energy stored in spring 
A = amplitude of motion (m) 


(J) 
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Example 18 H , , 

A body of mass 500g suspended from the end of a spiral spring which o eys °°^ 
law, produced an extension of 10cm. If the mass is pulled down a distance o 
released, calculate; 

(i) The force constant of the spring 

(ii) The frequency of oscillation 

(iii) The period of oscillation 

(iv) The angular speed of the body 
Solution 

Mass, m - 500g = 0.5kg, extension, e = 10cm = 0.1m 

(i) From Hooke's law, F = Ke, 

F mg 0.5x10 

force constant, K = — = = — — — = 50 Nm 

e e 0.1 

(ii) Frequency, f = I— = — = ^-Vl00 = — x 10 = 1.59s 

M 7 2ti^J m 2n A | 0.5 2 tt 2n 

(iii) Period, T = 2nJ^ = 2n ^ = 2WOOl = 2ti x 0.1 = 0.628s 


or r = 7 = Ii9 = a628s 


K 50 


(iv) Angular speed, o> = I— = — = VlOO = 10 rads’ 1 
* m 0.5 


EXERCISES 5. 

1. A stone tied to a string is made to revolve in a horizontal circle of radius 4m with 

an angular speed of 2 radians per second. With what tangential velocity will the stone 
move off the circle if the strings cuts. WAEC 1989 Ans: 8m/s 

2. A body weighing 100N moves with a speed of 5ms’ 1 in a horizontal circular path 

of radius 5m. Calculate the magnitude of the centripetal force acting on the body. 

[ g=10ms J ] WAEC 1999 Ans: SON 

3. An object of mass 5kg moves round a circle of radius 6m. If the period of the 

motion is n s, calculate the force towards the centre. NECO 2004 Ans: 120N 

4. A particle of mass 10' 2 kg is fixed to the tip of a fan blade which rotates with 

angular velocity of 100 rads 1 . If the radius of the blade is 0.2m, the centripetal force is: 
A. 2N B. 20N C. 200N D. 400N JAMB 1999 Ans: B. 20N 

5. A body moves along a circular path with uniform angular speed of 0.6 rads' 1 and 

at a constant speed of 3.0ms '. Calculate the acceleration of the body towards the centre 
of the circle. NECO 2005 Ans: 1.8m/s : 

6. A body executing a simple harmonic motion has an angular velocity of 40 radians 
per second. If it has a maximum displacement of 6cm, calculate its linear speed. 

NECO 2008 ,: Ans: 2. 40ms * 1 

7. The angular speed of an object describing a circle of radius 4m with a linear 

constant speed of 10ms 1 is? WAEC 1995 Ans: 2.50rads~ / 
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8. A body executing a simple harmonic motion has an angular velocity of 22radi' 
per second. If it has a maximum displacement of 10cm, what is its linear velocity. 

NECO 2002 Ans: 2.2ms 

9. A particle in circular motion performs 30 oscillations in 6 seconds. It s angular 

velocity is? A. 107t rads' 1 B. 57trads 1 C. 6rads 1 D. 5rads , 

iAk/m inn? Ans 10k rads 


10. The amplitude of a particle executing simple harmonic motion is 5cm while its 

angular frequency is lOrads 1 . Calculate the magnitude of the maximum acceleration o 
the particle. WAEC 2001 Ans 5m/s 

11. A loaded spring performs simple harmonic motion with an amplitude of 5cm. If 

the maximum acceleration of the load is 20cms' 2 , calculate the angular frequency o t e 
motion. WAEC 2004 Ans: 0.32s 1 Hint: a= <o 2 A andf = “A* 

12. A simple pendulum makes 50 oscillations in one minute. What is its period of 

oscillation? WAEC 1990 Ans: 1.2s 

13. A boy timed 20 oscillations of a certain pendulum three times and obtained 44.3s, 
45.5s and 45.7s respectively. Calculate the mean period of oscillation of the pendulum. 

WAEC 1993 Ans: 2.26s 

14. A student found out from a simple pendulum experiment that 20 oscillations were 
completed in 38 seconds. What is the period of oscillation of the pendulum? 

WAEC 1995 Ans: 19s 


15. Two simple pendula x and y makes 400 and 500 oscillations respectively in equal 
time. If the period of oscillation of x is 1 .5 seconds, what is the period of oscillation of y? 

WAEC 1996 Ans: 1.2s Hint . 7>| f 7>, 

16. A pendulum bob executing simple harmonic motion has 2cm and 12Hz as 
amplitude and frequency respectively. Calculate the period of the motion. 

WAEC 1999 Ans: 0.083s 

17. The length of a simple pendulum is increased by a factor of four. By what factor 

is its period increased? NECO 2005 Ans: 2 

18. The time t|, 1 2 and t 3 for 20 complete oscillations of a simple pendulum 

experiment are 32.0s, 34.6s and 35.5s respectively. Calculate the mean period of the 
pendulum. NECO 2004 Ans: 1. 70s 

19. Calculate the length of a simple pendulum that oscillates with a frequency of 

0.4Hz [g=10ms' 2 , 31=3.142] NECO 2004 Ans: 1.44m 

20. A simple pendulum with a period of 2.0s has its length doubled. What is its new 

period? NECO 2003 Ans: 2. 83s 

21. In a simple pendulum experiment, a boy observed that the times for 30 oscillations 

are 70.0s, 72.0s and 67.0s respectively. Calculate the mean period of oscillation of the 
pendulum. NECO 2000 Ans: 2.32s 

22. If in a simple pendulum experiment the length of the inextensible string is 
increased by a factor of four, its period is increased by a factor of 

A. 4 B . n / 2 C. !/4 D. 2 71 E. 2 JAMB 1979 Ans: 2 

23. A simple pendulum, 0.6m long, has a period of 1.5s. What is the period of a 
similar pendulum 0.4m long in the same location? 

A. ,S Ji s B 1 5 Ji s C 225s D 100s E 2.00s JAMB 1984 Ans :A 

24. The length of a displaced pendulum bob which passes its lowest point twice every 
second is A. 0.25m B. 0.45m C. 0.58m D. 1.00m [g^lOms' 1 ) 

JAMB 1995 Ans: 0.25m 

25. A simple pendulum has a period of 1 7.0s. When the length is shortened by 1 5m 

its period is 8.5s. Calculate the origin of length of the pendulum. 

A. 1.5m B. 2.0m C. 3.0m D. 4.0m JAMB 2000 Ans: 2.0m 

26. An oscillating pendulum has a velocity of 2ms 1 at the equilibrium position O and 
velocity at same point P. Using the diagram below in fig 5.2, calculate the height h of P 
above O. [Take g=10ms‘ 2 ]. 
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Fig 5.3 



A simple pendulum of mass m moves along an arc of a circle radius R in a vertical plane 
as shown in the figure above. What is the work done by gravity in a downward swing 
through the angle 0 to O? 

A. mgR sin 6 B. mgR (l — cos 6) C.mgR D. mgR(l - sin G) JAMB J989Ans: B 

28. A mass m attached to a light spiral spring is caused to perform simple harmonic 

motion of frequency, f = — , where K is the force constant of the spring If m = 

0.30kg, K = 30Nm 1 and the maximum displacement of the mass from the equilibrium 
position is 0.015m, calculate the maximum 
(i) kinetic energy of the system; 

(li) tension in the spring during the motion [g = 10ms 2 , n - 3.142] 

WAEC 2005 Ans: (i) 3.38x1 Cf 3 J (ii) 3.45N 

29. When a mass is hung on a spring, the spring stretches 6cm. Determine its period 
of vibration if it is then pulled down a little and released. [Take 7t = 22 / 7 and g =1 0m/s 2 ] 

NECO 2003 Ans : 0.49s. Hint. T = 2njj 

30. A car of mass 1500kg goes round a circular curve of radius 50m at a speed of 
40ms '. The magnitude of the centripetal force on the car is 

A. 1.2xl0’N B. 4.8 xI0 4 N C.I.2x10 2 N D 4.8x10 3 N JAMB 2007 Ans 4.8x10^ 

31. A gramophone record takes 5s to reach its constant angular velocity of 4jtrads'' 
from rest. Find its constant angular acceleration 

A. 0.8tt rads' 2 B. 20.0» rads' 2 C. 0.4n rads 2 D. 1 ,3x rads' 2 

JAMB 2007 Ans: 20. On rads 2 

32. The frequency of vibration of an oscillator is 4Hz. If it makes 12 vibrations in t 

seconds, calculate the value of t. NECO 2007' : Ans: 3.00s 

33. A mass attached to a string is moving in a circular path If the speed is doubled, 
the tension in the string will be 

A. doubled B. halved C. four time as great 

D. one-fourth as much tVAEC 2008 Ans: C 
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34. What is the frequency of vibration if the balance wheel of a wrist watch makes 90 

revolutions in 25s? A. 0.01 Hz B. 0.04Hz 

C. 2.27Hz D. 3.60Hz JAMB 2008 Arts: 3.60Hz 

35. A block of mass 4.0kg causes a spiral spring to extend by 0.16m from its 

unstrctched position. The block is removed and another body of mass 0.50kg is hung 
from the same spiral spring. If the spiral spring is then stretched and released, what is the 
angular frequency of the subsequent motion? ( g = 10ms ") _ 

WAEC 2008 14 Ans : 10V5 rads' 1 

36. The period of a simple pendulum of length 80.0cm was found to have doubled 

when the length was increased by X. Calculate X. WAEC 2009 ' * Ans 240.0cm 

37. A body executing simple harmonic motion has an angular speed of In radians. 

What is the period of oscillation? (rr = 3.14) NECO 2009 12 Ans: 1.0s 

38. Calculate the magnitude of the centripetal force on a particle of mass 

5.0 x 10 6 kg revolving round the earth with radial acceleration of 6.0 X 10 7 ms 2 . 

NECO 200 9 e/ Ans:300N 
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6 


linear momentum 

NEWTON’S LAWS OF MOTION 

of unifomTm^ff ^ aw of motion states that, every body continue in its state of rest or 
otherwise mo on m a straight line unless compelled by some external force to act 

body Seconxt taw of motion states that, the rate of change of momentum of a 

force acts *** X ° ^ force and takes place in the direction in which the 

equal and** 0 * S °f motion states that whenever a force acts on one body, an 

fln - °PP° s,te °rce acts on some other body. In other words, to every action there is 

an equal and opposite reaction. 


FORCE, IMPULSE AND MOMENTUM 

e . . M® men *ym of a body is defined as the product of its mass and its velocity. The 

S I unit is kgms 1 or Ns. 

Momentum = mass (m) x velocity (v) 

From Newton’s 2 nd law, we can derive equation for force and impulse. 

a) Force. If an object of mass m, with initial velocity u, is acted upon by a force, F, 
it will attain a final velocity, v in time t. 

Therefore, initial momentum of object = mu 
Final momentum of object = mv 
Change in momentum = final momentum - initial momentum 
= mv - mu 

Rate of change in momentum = — — — 


By Newton’s 2 nd law, the rate of change of momentum is proportional to the applied 
force. 


That is, 


mv - mu 

F cc 

t 


Fk Mv-u) 


Remember, 


acceleration^ 


change in velocity v — u 
time “ t 


Therefore, F oc ma F = ma 

Force (N) = mass (kg) x acceleration (ms~ 2 ). kgms~ 2 is also a unit of force. 


b) Impulse: Impulse is defined as the product of a force and the time during which 
it acts on a body. It is also equal to the change in momentum produced by the force 
From Newton’s 2 nd law, 


Force = 


change in momentum 
time 
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mv — mu 


Ft = mv — mu 


F = 


Also, 


Force = 


mass x cha nge in velocity 
time 

m(v — u) 

F = : 


Ft ~ m( v - u) 


Impulse = Ft = mv - mu = m(v - u) 

Impulse = force x time = mass x acceleration x time 
The unit for impulse is Ns or kgms -1 


Example 1 

A net force of magnitude 0.6N acts on a body of mass 
magnitude of the resulting acceleration. 

Solution 

Net force, F = 0.6N; mass of body, m = 40g = 0.4kg 


40g, initially at rest. Calculate the 
WAEC1999 


Force (F) = mass (m) x acceleration (a) 


F 0-6 
m 0.04 


15ms 2 


Example 2 

A truck of mass 3200kg moving with a velocity of 10ms" 1 increases its velocity to 
20ms" 1 in 5s. Calculate the magnitude of the force exerted on the engine. NECO 2008 
Solution 

Initial velocity, u - 10ms" 1 ; final velocity, v = 20ms" 1 ; time taken, t = 5s 
Mass,m = 3200 kg 

m(v — u) 

From Newton's 2nd law, F = 

t 


3200(20- 10) 3200 x 10 

-*• F = - = = 6400N 


Example 3 

A body of mass 20kg is set in motion by two forces 3N and 4N acting at right angles to 
each other. Determine the magnitude of its acceleration. WAEC 1997 

Solution 

The two forces, 3N and 4N, must be resolved into a single net force as follows. 


Fig 6.1 


4N 



Apply Pythagoras theorem, F 2 = 3 2 + 4 2 = 9 + 16 = 25 


mass, m 
F = ma 


20kg 


acceleration ,a 


F = V2S = 5/V 


L-A. 

m “ 20 


0.25ms 2 
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Example 4 

A moving car of mass 800kg experiences a frictional force of 200N. If 
2ms , calculate the magnitude of the force applied to the car. 

Solution 

Acceleration, a = 2ms -2 ; mass, m = 800kg; frictional force = 200N. 

Net force required to accelerate, F = ma = 800 x 2 = 1600N. 

Net force = Force applied - Frictional force 
Force applied = Net force + frictional force 
= 1600 + 200N 
= 1800N 


Example S 

A body of mass 2kg moving vertically upwards has its velocity increased uniformly from 
10ms 1 to 40ms 1 in 4s. Neglecting air resistance, calculate the upward vertical force 
acting on the body. [g=10ms* 2 ] 

A. 15N B. 20N C. 35N D. 45N JAMB 1997 

Solution 

Mass of body, m - 2kg; initial velocity, u = 10ms -1 

Final velocity, v = 40ms* 1 ; time, t = 4s 


Substitute into 


m( v — u) 

- 

2(40- 10) 2 x 30 60 

4 “ 4 “T 


1SN 


Example 6 

Two bodies have masses in the ratio 3:1. They experience forces which impart to them 
accelerations in the ratio 2:9 respectively. Find the ratio of the forces the masses 

JAMB 1999 


experience. A. 1:4 B. 2:1 

C. 2:3 

D. 2:5 

Solution 

1 st bodv 

2 nd My 

mass of bodies, m = 

3m 

1m 

acceleration of body, a = 

2a 

9a 

force, F = ma 

3m x 2a 

lm x 9a 

divide each by 3ma 

6ma 

9ma 

ratio of forces = 

2 

3 


Ans: 2:3 


Example 7 

A rope is being used to pull a mass of 10kg vertically upward. Determine the tension in 
the rope if, starting from rest, the mass acquires a velocity of 4ms* 1 in 8s. [g=10m/s 2 ] 

A. 105N B. 95N C. 50N D. 5N JAMB 2000 

Solution 

Initial velocity, u = 0; final velocity, v = 4ms g=10ms 2 

Mass, m= 10kg; time, t - 8s, 

The tension (T) in the rope is the difference between the weight (W) of the object and the 
upward pulling force (F) i.e. T = W - F 


77 t (r — u) 10(4-0) 40 

Upward pulling force, F = = g = — = 5N 
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weight, W = mg = 10 x 10 * 100N 
Therefore, Tension, T = W - F = 100-5 = 95N 


Example 8 _i 

A ball of mass 5.0kg hits a smooth vertical wall normally with a speed ot 2ms 
rebound with the same speed. Determine the impulse experienced by the ball. 


and 


u/a rr 7004 


Solution 

Mass of ball, m = 5.0kg; initial velocity, u = 2ms' 1 

Final velocity, v = —2 ms' 1 (“... the direction changes on rebound... ’) 

Impulse = mv - mu = m(v - u) = 5[2 - (-2)] = 5(2 + 2) = 5x4 = 20kgms 


Example 9 

A ball of mass 0.15kg is kicked against a rigid vertical wall with a horizontal velocity of 
50ms’ 1 . If it rebounded with a horizontal velocity of 30ms’ 1 , calculate the impulse of the 
ball on the wall. A.3.0Ns B. 4.5Ns C. 7.5Ns D. 12.0Ns JAMB 1998 

Solution 

Mass, m = 0.15kg; initial velocity, u = 507ns" 1 ; 

final velocity, v = — 30ms" 1 (on rebounding, direction changes) 

Impulse = mass x change in velocity = m(v - u) 

= 0.15 x [50 -(-30)] = (50 + 30) x 0.15 = 0.15 x 80 = 12Ns 


Example 10 

A force of 100N is used to kick a football of mass 0.8kg. Find the velocity with which 
the ball moves if it takes 0.8s to be kicked. 


A. 32ms* 1 B. 50ms' 1 

Solution 

Force, F = 100N; 

Initial velocity, u = 0; 

Substitute into 


C. 64ms 




D. 100ms 


JAMB 2003 


mass, m = 0.8kg; 
final velocity, v = ? 

m ( v - u) 

F = — — 


time, 1= 0.8s 


100 = 


0.8(i; - 0) O.80 

0.8 ” ~0.8~ 
v = 100ms" 1 


Example 11 

A bullet of mass 120g is fired horizontally into a fixed wooden block with a speed of 
20ms' 1 . The bullet is brought to rest in the block in 0.1s by a constant resistance. 
Calculate the (i) magnitude of the resistance. 

(ii) distance moved by the bullet in the wood WAEC 1999 

Solution 

Mass, m = 1 20g = 0. 1 2kg; initial velocity, u = 20ms 1 

Final velocity, v = 0ms" 1 ( 4t ... b.rQUghUQJ.£&,J'X time, t = 0.1s 

(i) The magnitude of the resistance is equivalent to the deceleration force the bullet 
experiences 

From 1 sl equation of motion, v = u + at 
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Deceleration, 


(y-u) Q - 20 _ _20 = ?nnms -2 

3 " l 0.1 0.1 

Resistance = deceleration force = F = ma = 0. 1 2 x 200 = 24N 
(ii) From 3 rd equation of motion, v 2 = u 2 + 2as, 

v 2 -u 2 0 2 — 20 2 _-*00_ 1rT1 

distance - 5 = 2a = 2 x (—200) _ —400 


Example 12 

A 0.05kg bullet travelling at 500ms 1 horizontally strikes a thick vertical wall. It stops 
after penetrating through the wall a horizontal distance of 0.25m. What is the magnitude 
of the average force the wall exerts on the bullet? 

A. 25N B. 50N C. 250N D. 5000N E. 25000N JAMB 1985 
Solution 

Mass, m = 0.05kg; initial velocity, u = 500ms* 1 

Final velocity, v = 0; distance penetrated, s = 0.25m 

From 3 rd equation of motion, v 2 = u 2 + 2as, 


deceleration, 


0 2 - 500 2 -250000 


2s 2 x 0.25 0.5 

(The negative sign indicates deceleration) 
The average force = decelerating force, F = ma 
= 0.05 x 5 x 10 s = 25000N 


= 5 x 10 s ms*~ 2 


CONSERVATION OF LINEAR MOMENTUM 

A combination of Newton’s 2 nd and 3 rd law results in the law of conservation of 
linear momentum which states that, when two or more bodies act upon one another, their 
total momentum remains constant, provided no external forces are acting. 

The following examples shows how the momentum, velocity and kinetic energy 
of colliding bodies are calculated. 


Example 13 

An object of mass 5.0kg moving with a velocity of 12ms* 1 due north hits a stationary 
body of mass 7.0kg. If they stick together after collision and move with velocity, v due 
north calculate the magnitude of v. NECO 2005 

Solution 


= 5kg 


V\ — 12 ms' 


Fig 6.2 


m 2 = 7kg 


v 2 = 0 


5kg 

7kg 


V 

► 


momentum before collision - momentum before collision 


miV 1 + m 2 v 2 = (m 1 + m 2 )v 

5xl2 + 7x 0 = (5 + 7)v 


60 + 0 = 12r 


12v = 60 
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5/M5 1 


hO 


A 'au'pol'niass 0.25U. losses one-ihml of ils velocity when it makes a head on collision 

collision, Q moves oil with a speed ol -ms in 


with an identical hall 0 at ivst. After the 
the original direction oi l', Calculate the initial velocity of P. 

Solution 


m x - 0.25kg 



tti = v 


m 2 0.25kg 



r/ii“ 0.25kg 



Vy = -V 


WAEC 2000 


///•> = 0.25kg 

o 

v 2 — 2rns 1 
► 


Fig 6 J 


Let initial velocity of P he v ms" 1 . After collision the velocity of P. i>i 3 v ” 3 v 


Momentum before collision = momentum after collision 
//!,»! + m 2 u 2 - m | i’i + M 2 1’2 
P and Q have the same mass, therefore, m, = = m 

mu x -f mt/j = me, + mv 2 
m(Ut f u 2 ) = m(r, + is) 

Dividing both sides by m to obtain 
t/ t + u 2 = v x + IS 
Substituting, v + 0 = ^ 4- 2 
v-$v = 2 

5^ = 2 

0 = 2 x 3 = 6 mx “ 1 


Example 15 

A tractor of mass 5.0 x I0*kg is used to tow a car of mass 2.5 x lo'kg. The tractor moved 
with a speed of 3.0ms 1 just before the towing rope becomes taut. Calculate the 

(i) speed of the tractor immediately the r\>pe becomes taut. 

(ii) loss in K.K of the system just after the car has started moving. 

(iii) impulse in the rope when it jerks the car into motion. H’-I£C y 001 

Solution 

Mass of tractor, nil 5.0 x 1 0 'kg; initial velocity of tractor, u ( = 3.0ms‘ l 

Mass of car, nij =* 2.5 x l()'kg; initial velocity of car, u* = 0ms 1 

l.cf v he the common velocity of tractor and car. 

(i) The speed of the tractor immediately the rope becomes taut is the common 
velocity of tractor and car when they both began to move. 

Momentum before movement momentum after movement 

+ ItljUj, = (//»! + »lj)l’ 

5.0 x 10 ' x 3 + 2.5 x 10* x 0 - (5.0 x 10* + 2.5 x 10 V 
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( 11 ) 


(iii) 


1.5 x 10 4 = 7.5 x 10 3 v 


1.5 x 10 4 
7500 


= 2ms' 1 


Loss in K.E = final K.E - Initial K.E 


Initial K.E = K.E of the moving tractor = ^ 


(from KE = )mu 2 ) 


= ^x 5.0 x 10 3 x 3 2 = 2.25 x 10 4 J 


final K.E = K.E of the moving tractor and car = ^ (m j + m 2 ) v 2 
= |(5.0 x 10 3 + 2.5 x 10 3 ) x 2 2 

= \ (7500) X 4 = 15000 = 1.5 X 10 4 J 
loss in K.E = 1.5 x 10 4 - 2.25 x 10 4 = -7500J 

= 7500J 

The negative sign signifies loss in K.E 
Impulse = change in momentum 


- final momentum — initial momentum 


— (m, + m 2 ) v - (m^j + m 2 u 2 ) 

= 7500 x 2 - 1.5 x 10 4 + 0 
= 1.5 x 10 4 - 1.5 x 10 4 
= ONs or 0 kgms -1 


Example 16 

An arrow of mass 0.3kg is fired with a velocity of lOOm/s into a wooden block of mass 
0.7kg. Calculate the final K.E after impact, given that the wooden block can freely move. 

Solution 

Mass of arrow, m 1 = 0.3kg; velocity of arrow, v x = lOOm/s; 

Mass of block, m 2 = 0.7kg 

Let v be the common velocity of arrow and block. 

Momentum of arrow * momentum of arrow and block 
m jVi = (m x + m 2 ) v 
0.3 x 100 = (0.3 + 0.7)v 
30 = lv 
v = 30ms -1 

K.E after impact = ~ (™i + m 2 )v 2 

= ^{0.3 + 0.7) x 30“ = ;Xlx 900 
2 2 

- 450J 

EXPLOSION: RECOIL OF A GUN 

When a gun is fired Ihe following statement and equation applies. 
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Monicnlum of bullet niomcnlum of gun 
Mass of bullet x bullet's velocity mass of gun x recoil velocity 

= MV 

where m,, v } are mass and velocity of bullet respectively and M, V arc mass and recoil 
velocity of gun respectively. 


Example 17 

A sub machine gun of mass 20kg (ires a bullet of mass lOOg due South with a velocity ol 
250ms What is the recoil velocity of the gun? 

Solution 

Mass of bullet, m t = 1 OOg = 0. 1 kg 
Velocity of bullet, t; 1 = 250m/s 
Mass of gun, M = 20kg 
Recoil velocity of gun, V = ? 

Momentum of bullet = momentum of gun 

m : V) = MV 

0.1 x 250 = 20 x V 


V = 


0.1 x 250 
20 


1.25ms 1 


The recoil velocity is always in the opposite direction of the bullet's velocity (due south), 
therefore the submachine gun recoil velocity is 1 .25m/s due North. 


JET AND ROCKET PROPULSION 

A jet engine or rocket bums and expels a stream of hot gas at extremely high 
velocity. According to Newton's 3 rd law, a momentum, equal and opposite to the 
expelled gas is experienced by the rocket or aircraft. Thus, 

Rate of momentum of expelled gas = Force (thrust) experienced by rocket or aircraft 
Mass of gas expelled or consumed per second x velocity = Force on rocket 
/. M x V = F 


Example 18 

Fuel was consumed at a steady rate of 5.0 x 10* 2 kg per second in a rocket engine and 
ejected as a gas with a speed of 4 x 10 3 ms Determine the thrust on the rocket. 

W A EC 2005 

Solution 

J hrust (force) = rate of change of momentum 

F = mass of fuel per second x velocity 
F = 5.0 x 10~ 2 x 4 x I0 3 = 200N 


Example 19 

A jet engine develops a thrust of 270Ns when the velocity of the exhaust gases relative to 
the engine is 300ms' 1 . What is the mass of the material ejected per second? 
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JAMB 1987 


Solution"^ B90 ° k8 C 0 90k ^ D00 ^ 

Velocity, v = 300ms' 1 ; force, F = 270N 

Mass of gas ejected per second X velocity = thrust on engine 


M x V = F 
,, F 270 

M -V’Wo‘™ k 9 


WEIGHT OF A BODY IN A LIFT 

The following instances and their equations exist. 

If a lift is at rest or moving up or down with uniform velocity , the weight of the 
body is the same as when it is at rest on the earth’s surface. 


2 . 


3. 


4. 


5. 


W = F - mg 

If a lift is accelerating upward (ascending), the weight of the body is 
F — mg + ma = m(g + a) 

If a lift is accelerating downwards (descending) with acceleration a, less than 
g, the weight of the body is 

F = mg — ma = m(g — a ) 

If a lift is moving downward with acceleration a greater than g, the weight of 
the body is 

F = ma - mg 

If a lift falls freely, when, a = g then the weight of the object is 


F = mg - mg = ON 


Example 20 

A spring balance which is suspended from the roof of a lift, carries a mass of 1kg at its 
free end. If the lift accelerates upward at 2.5ms‘ 2 , determine the reading on the spring 
balance [g=10m/s 2 ]. WAEC 2001 

Solution 7 2 

Mass, m = 1kg; g= lOm/s ; acceleration of lift, a = 2.5ms " 

The reading on the spring balance, F = mg + ma = m(g + a) 

F = 1(10 + 2.5) = 1 x 12.5 = I2.5N 


A**OOo'kg 2 elevator is descending vertically with an acceleration of 1.0ms' 2 . If the 
acceleration due to gravity is 10.0ms' 2 , the tension in the suspending cable is 
A I ON B. 10.0N C. 9000.0N D. 11000.0N JAMB 1986 

Solution , . 2 

g= 1 0ms' 2 ; mass, m = 1 000kg; a * 1 0m/s 

For a descending lift the force (tension), F = mg - ma = m(g - a) = 1000(10 - 1) 

= 1 000 x 9 = 9000N 
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Example 22 

A mass of 5k>» is suspended from (he ceiling of a lift willi a light lncxtcnsible string As 
the lilt moves upward with an acceleration of 2ms' 2 , what’s the tension in the string/ 


In lOms’l NECO20O4 

Solution 

Mass, m 5kg; g 10ms' 2 ; acceleration of lift, a = 2ms ‘ 

l ; or ascending lit), force (tension), F = mg 4 ma = tn(g 4 a) = 5(10 + 2) - 60N 


Example 23 

An elevator of mass 4H00kg is supported by a cable which can safely withstan a 
maximum tension of 60 000N. The maximum upward acceleration the elevator can have 
is A. 2.5ms' 2 B. 5.0ms 2 C. 7.5ms 2 D. 1 0.0ms 2 (g=IOms' 2 ] JAMB 1987 

Solution 

Force or tension, F = 60 000N; mass, m = 4800kg; g=10m/s 2 ; 

upward acceleration, a = ? 

Substitute into equation of ascending lift 

F = mg 4 ma 

60,000 = 4800 X 10 4 4800 x a 
60,000 « 48,000 4 4800a 
4800a = 60,000 48,000 
4800a = 12000 


a 


12000 

4800 


2.5ms 2 


EXERCISES 6. 

1. A net force of I5N acts upon a body of mass 3kg for 5s, calculate the change in 

the speed of the body. WAEC 2003 Ans 25m/s 

2. A stationary object of mass 4kg is set in motion by a net force of 50N. If the 
object attains a speed of 5ms 1 in time, calculate the value oft. WAEC 1996 Ans: OAOsec 

3. A constant force acts on a body of mass 50kg and changes its speed from 20ms‘‘ 
to 90ms 1 in 10 sec. Calculate the magnitude of the force applied. NECO 2005 Ans: 350N 

4. A body of mass 4kg is accelerated from rest by a steady force of 9N. What is its 
speed when it has travelled a distance of 8m? NECO 2002 Ans:6m/s Him n =• r/m: \r = u : + 2ns 

5. A force of 16N applied to a 40kg block that is at rest on a smooth, horizontal 
surface. What is the velocity of the block at t = 5 seconds? A. 4m/s B. lOm/s 

C 20m/s I). 50m/s \l 80m/s JAM11 1983 Ans: 20m/s 

6. A constant force of magnitude F’ acts on an object of mass 0.04kg initially at rest 
at a point O. If the speed of the object when it has moved 50m from O is 500ms' 1 , 
What is the value of I ? A. 0.4N 14 100. ON C.250.0N 1). 1000.0N 

.JAM/1 1986 Ans. 100N mm r ma. r =* 4 2a> 

7. A force of 200N acts between two objects at a certain distance apart. The value of 
the force when (he distance is halved is 

A. 100N H. 200N (’. SOON I). 400N JAM11 2005 Ans: 100N 

8. An engine of a car of power 80KW moves on a rough road with a velocity of 

32ms V I he force required to bring it to rest is A. 2.50 x 1(/'N B. 2.56 x 10°N 

C. 2.50 x lo'N I). 2.X0 x lO’N JAMB 2006 Ans 2.50 x ID'S Hint: I* = l v 
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9 * A conslant force acts on a body of mass 50kg and reduces its speed from 90ms> J to 
20ms in 20s. Calculate the magnitude of the force. N ECO 2006 Arts. 175N 

10. An object of mass 2kg moves with a uniform speed of 10ms for 5s along a 
straight path. Determine the magnitude of its acceleration. WAEC 2007 Arts. 4ms 

1 1. An external force of magnitude 100N acts on a particle of mass 0.15kg for 0.03s. 

( alculate the change in the speed of the particle. WAEC 2007 Ans : 20ms 

2. A car of mass 800kg moves from rest on a horizontal track and travels 60m in 20s 
with uniform acceleration. Assuming there were no frictional forces, calculate the 
accelerating force. WAEC 2007 Ans: 240.00N 

13. A body of mass 5kg initially at rest is acted upon by two mutually perpendicular 
forces 12N and 5N as shown below. If the particle moves in the direction OA, calculate 
the magnitude of the acceleration. 

A. 0.40ms 2 B. 1 ,40ms' 2 C. 0.26ms 2 D. 2.60ms 2 E. 3.40ms' 2 


Fig 6.4 



14. A ball of mass 0.1kg approaching a tennis player with a velocity of 10ms \ is hit 
back in the opposite direction with a velocity of 1 5ms’ 1 . If the time of impact between the 
racket and the ball is 0.01s, calculate the magnitude of the force with which the ball is hit. 

WAEC 1997 Ans: 250N 

15. A ball of mass 5.0kg hits a smooth vertical wall normally with a speed of 2ms’ 1 
and rebounds with the same speed. Determine the impulse experienced by the ball. 

WAEC 1998 Ans:20kgms r 

16. A ball of mass 5.0kg hits a smooth vertical wall normally with a speed of 2ms' 1 . 

Determine the magnitude of the resulting impulse. WAEC 2003 Ans: 20kgms' 

17. A force acting on a body causes a change in the momentum of the body from 
I2kgms 1 to 16kgms‘* in 0.2s. Calculate the magnitude of the impulse. 

WAEC 2006 Ans:4kgms‘ 

18. What change in velocity would be produced on a body of mass 4kg, if a constant 

force of 16N acts on it for 2s? WAEC 1992 Ans: 8.0ms 1 

19. A force acts on a body for 0.5s changing its momentum from lb.Okgms' 1 to 

2 1 .Okgms'. Calculate the magnitude of the force. WAEC 2003 Ans: 10N 

20. A force acting on a body causes a change in the momentum of the body from 
12kgms' ] to 16kgms’' in 0.2s. Calculate the magnitude of the force. 

WAEC 2004 Ans: 20N 

21. When taking a penalty kick, a footballer applies a force of 30.0N for a period of 
0.05s. If the mass of the ball is 0.075kg, calculate the speed with which the ball moves 
off A. 4.50ms' 1 B. 1 1.25ms' 1 C. 20.0ms 1 D. 45.00ms' 1 

JAMB 1 988 Ans: 20. 00 ms 1 

22. A body of mass lOOg moving with a velocity of 10.0ms 1 collides with a wall. If 
after the collision, it moves with a velocity of 2.0ms* 1 in the opposite direction, calculate 
the change in momentum. 

A. 0.8Ns B. 1.2Ns C. 12.0Ns D. 80.0Ns JAMB 1991 Ans: 1.2Ns 

23. A constant force of 5N acts for 5s on a mass of 5kg initially at rest. Calculate the 

final momentum of the mass. NECO 2003 Ans: 25kgms 1 

24. A body of mass Mi moving with a velocity, U collides with a stationary body of 
mass M 2 and both move with a common velocity, V. If linear momentum is conserved. 


which expression 
Mi +Af 2 
A M X U 


correctly represents 

* JM- C. 
Mi - M 2 


V? 

M X U 
Mi -M 2 


D. 


M X U 
Mi +M 2 


E. 


M 2 U 
Mi + M2 
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NECO 2002 Ans D 

25. A ball of mass 0.5kg moving al lOm/s collides with another ball of equal mass at 
rest. If the two balls move off together after impact, calculate their common velocity 

WAEC 1988 Ans: 5ms 

26. A body of mass 4.2kg moving with 1 0ms 1 due east, hits a stationary body of mass 

2 8kg If they stick together after collision and move with velocity v due east, calculate 
the value of v. WAEC 1996 Ans. tints 

27. A trolley of mass 4kg moving on a smooth horizontal platform with a speed of 
1.0ms' 1 collides perfectly with a stationary trolley of the same mass on the same platform. 
Calculate the total momentum of the two trolleys immediately after the collision. 

WAEC 1999 Ans: 4.0 Ns or 4.0kgms 

28. A body of mass 5kg moving with a velocity of 10ms' 1 collides with a stationary 

body of mass 6kg. If the two bodies stick together and move in the same direction after 
the collision, calculate their common velocity. WAEC 2005 Ans: 4.55ms 

29. A ball of mass lOOg travelling with a velocity of 100ms' 1 collides with another 

ball of mass 400g moving at 50ms' 1 in the same direction. If they stick together, what 
will be their common velocity? NECO 2000 Ans: 60ms 

30. An arrow of mass 0. 1 kg moving with a horizontal velocity of 1 5ms is shot into a 
wooden block of mass 0.4kg lying at rest on a smooth horizontal surface. Their common 
velocity after impact is 

A. 15.0 ms' 1 B. 7.5ms' 1 C. 3.8ms' 1 D. 3.0ms' 1 JAMB 1997 Ans: 3ms 

31. A lead bullet of mass 0.05kg is fired with a velocity of 200ms 1 into a lead block 

of mass 0.95kg. Given that the lead block can move freely, the final K.E after impact is 
A. 50J B. 100J C. 1 50J D. 200J JAMB 1999 Ans: 50J 

32. A bullet of mass 120g is fired horizontally into a fixed wooden block with a speed 
of 20ms' 1 . If the bullet is brought to rest in the block in 0,1s by a constant resistance, 
calculate the 

(i) magnitude of the resistance 

(ii) distance moved by the bullet in the wood. 

WAEC 2006 Ans: (i) 24N (ii) 1.0m 

33. A bullet fired at a wooden block of thickness 0.15m manages to penetrate the 
block. If the mass of the bullet is 0.0025kg and the average resisting force of the wood is 
7.5 x 10 3 N, calculate the speed of the bullet just before it hits the wooden block. 

A. 450ms' 1 B. 400ms' 1 C. 300ms' 1 D. 250ms' 1 JAMB 1998 Ans :300ms’ 1 

34. The driver in a motor car, of which the total mass is 800kg and which is travelling 

at 20ms' 1 , suddenly observes a stationary dog in his path 50m ahead. If the car brakes can 
exert a force of 2000N, what will most likely happen? 

A. The car will be able to stop immediately the driver notices the dog. 

B. The car will stop 30m after hitting the dog. 

C. The car will stop 20m in front of the dog. 

D. The driver will quickly reverse the car. 

E. The car will stop 5m beyond the dog. JAMB 1981 Ans B 

35. A machine gun with a mass of 5kg, fires a 50g bullet at a speed of 100ms' 1 The 
recoil speed of the machine gun is A 0.5m/sec B. l.5m/sec C. 1 m/sec 

D. 2 m/sec E. 4m/sec JAMB 1978 Ans: C 

36. A gun of mass 2.0kg fires a bullet of mass 1.6 x 10‘ 2 kg due East. If the bullet 

leaves the nozzle of the gun with a velocity of 150ms' 1 , what is the recoil velocity of the 
gun? A. 150ms 1 due West B. 1 .2 x lO^ms 1 due West C. 1 .2ms' 1 due West 

D. 1.2ms' 1 due East E. 150ms 1 due East JAMB 1984 Ans C 

37. A gun of mass 3kg fires a bullet of mass 20g with a velocity of 500ms 1 

Calculate the recoil velocity of the gun. NECO 2004 Ans: -3 33ms i 

38. A rocket bums 0.01kg of fuel each second and ejects it as a gas with a velocity of 

5,000m/s. What force does the gas exert on the rocket? A. 500.000N B. 500N 

C. 50N D. 5,000N E. 50,000N JAMB 1982 Ans. SON 

39. A rocket bums fuel at the rate of lOkgs' 1 and ejects it with a velocity of 
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5 X 10 3 ms 1 The thrust exerted by the gas on the rocket is A. 2.5 x IO N B. 5.0xl0 4 N 
C. 5.0 x 10 2 N D. 2.0 x 10 3 N JAMB 1993 Ans. S.Oxl&N 

40. A girl whose mass is 55kg stands on a spring weighing machine inside a lilt. 

When the lift starts to ascend, its acceleration is 2ms' 2 . What will be the reading on the 
machine? [Take g-I0m/s 2 ] WAEC 1990 Ans: 66kg 

41. A body of mass 2kg is suspended from the ceiling of a lift with a light inextcnsible 

string. If the lift moves upwards with acceleration of 2ms 2 , calculate the magnitude ol 
the tension in the string. [g=10ms 2 ] WAEC 1996 Ans: 24N 

42. A force of 2 1 .ON acts on a particle of mass 3.0kg in a medium whose resistance is 

2.0Nkg . Calculate the magnitude of the acceleration of the particle. ? 

NEC0 2007 16 Ans: 5.00ms ‘ 

43. A bullet of mass m is fired from a gun of mass M with a velocity v. The recoil 
velocity of the gun is expressed as 

A - ^ B 1TZ C - ZT- D. - m - v - E. — NEC0 2007 (Ans: E) 

Mm M+m M-m M 

44. An object of mass 2kg moving with a velocity of 3ms~ 1 collides head-on with 
another object of mass 1kg moving in the opposite direction with a velocity of 47ns 1 If 
the objects stick together after collision, calculate their common speed. 

WAEC 2008 1 3 Ans:0.67ms~ 1 

45. A body of mass 4kg resting on a smooth horizontal plane is simultaneously acted 
upon by two perpendicular forces 6N and 8N. Calculate the acceleration of the motion. 


A. 2.52ms " 2 


B. 3.0ms' 


C. 4.0ms' 2 


D. 4.5ms" 

JAMB 2008 7 Ans : 2.5ms " 2 

46. A body of mass 80kg moving with a velocity of 6ms' 1 hits a stationary body of 
mass 40kg. If the two bodies stick together after the collision, calculate the magnitude of 


the velocity with which they move. 


NEC0 2008 15 Ans: 4ms~ l 


47. A body of mass 12 kg travelling at 4.2 ms collides with a second body of mass 


1 8kg at rest. Calculate their common velocity if the two bodies coalesce after collision. 

A. 1.5 ms’ 1 B. 1.4 ms 1 dims' 1 D. 1.7 ms 1 JAMB 2009 7 Ans: D 

48. A body of mass 5kg with a velocity of 30ms' 1 due East is suddenly hit by another 

body and changes its velocity to 50ms' 1 in the same direction. Calculate the magnitude of 
the impulse received. WAEC 2009 13 Ans 1 OONs 

49. A ball of mass 0.1kg moving with velocity of 20ms 1 is hit by a force which acts 

on it for 0.02s. If the ball moves off in the opposite direction with a velocity of 25ms 1 , 
calculate the magnitude of the force. NECO 2009‘° Ans: 25N 

50. A body of mass 4.0kg moving with a speed of 2.5ms' 1 collides with a stationary 

body of mass 0.2kg. If the two bodies stick together after collision, calculate the 
magnitude of the velocity with which they move. NECO 2009 E 3 Ans 2 38ms 1 
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MACHINES 


A machine is any device or tool by means of which a force or effort(E) applied at one 
point can be used to overcome a force or Ioad(L) at some other point. The following 
terms and formulae are common to all types of machines. 


A. Mechanical Advantage = Force Ratio = 


Load Output force 
Effort Input force 


That is, 


M.A. = F.R = - 


B. Velocity Ratio = 


Also, 


V. R. = 


distance moved by effort e 
distance moved by load 7 

distance between effort and fulcrum 


distance between load and fulcrum 

1 1 distance moved by load _ l 

Velocity Ratio V.R distance moved by effort e 


„ ^ work output 

C. Efficiency = x 100% 

work input 

The relationship between mechanical advantage (MA), velocity ratio (V.R) and 
efficiency (£) is derived as follows. 

work output 

Efficiency = x 100% 

work input 

Generally, work *= force (load or effort) X distance 


Hence, 


But 


load x distance moved by load 

efficiency = — — - x 100% 

effort x distance moved by effort 

L x l 

x 100 


E x e 
L l 

= — x — x 100% 
E e 


L 

M.A.= - 
E 


and 


1 

V7r 


Efficiency = M. A x — - x 100% 
M. A 

Efficiency = x 100% 


mechanical advantage 

Efficiency = — : — t - — — — “ x 100% 

velocity ratio 

M. A 

S = x 100% 

V.R 
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Where £ = efficiency in percentage (%) 

M.A. — mechanical advantage 
V R = velocity ratio 

L = load in Newton (N) or kilograms (kg) 
h - effort in New ton or kilograms (kg) 
e * distance moved by effort in meter (m) 
l ~ distance moved by load in meter (m) 
F.R = force ratio 


Example 1 

A machine has an efficiency of 80%. If the machine is required to overcome a load of 
60N with a force of 40N, calculate its velocity ratio. NECO 2003 1 

Solution 

Efficiency £= 80%; Load, L = 60N; Effort, E = 40N Velocity ratio, V.R. = ? 

m u • i A , load L 60N i r 

Mechanical Advantage, M.A- = - = — — — 1.5 

effort E 40N 

M A 15 

Velocity Ratio, V. R. = — x 100% = — x 100 = 1.875 
£ 80 


Example 2 

The efficiency of a machine is 80%. Determine the work done by a person using this 
machine to raise a load of 200kg through a vertical distance of 3.0m (Take g = 1 0ms ) 

WAEC 795^' 

Solution 

Efficiency, £ = 80%; Load, L = 200kg = (200 x 10)N = 2000N; 

Distance moved by load, / = 3m 


Efficiency = 


work done by machine 
Work done on machine or by person 


x 100% 


L x / 

Work done by person 


x 100% 


L x / x 100 2000 x 3 x 100 600000 

Work done by person = = ^ ^ — = 7500 ] 


Example 3 

The velocity ratio of a machine is 5 and its efficiency is 75%. 
needed to lift a load of 1 SON with the machine? 

A.50N B.40N C. 30N D. 20N 

Solution 

Velocity ratio V.R =5; efficiency, £ = 75%; Load, L = 


£ _ ^ x 100% 
V.R 


M. A. = 

M. A. = 


£ x V.R 
100 
75 x 5 

10(T 


What effort would be 
JAMB 2(M0' n 
150N; effort. L - ? 
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= 3.75 



Also, M.A= — 


1 _lf£=40/v 

Effort.E- — - 3 75 


Example 4 ihrouuh a heigh’, ol 2m W 30^ by a machine 

A load of mass 120kg is raised derated by the machine. 

whose efficiency is 100%. Calculate the power fc ffMAC 2002 

[g = 10ms‘ 2 ] 

Solution . # = 305' efficiency, n - 100%. 

Mass, m = 1 20kg; height (distance) s - 2m, tun , 

Force x distance F x_£ __ rn 9 * j 

Power = — ; ~ r 

Time [ 1 

Power output (P. 0) nn0/ 

Efficiency, £ = — . —rz * l00% 

Power input (P. I) 

P.0 

8 = ~yy X 100% 

If £ = 100% then the above equation becomes 
P.0 

100 = — x 100 


100 

100 


P.0 

: pT 


P.0 

1 “"pT 


Rearranging, P.I = P.0 


Simply put, if a machine has 100% efficiency then the power input 
output. 

mg xs 120x10x2 

Therefore, power output by machine = = — = 


is equal to power 
80 W 


TYPES OF MACHINES 

These include the levers, the inclined plane, the screw or screw jack, the wheel 
and axle, and gear wheels. 


1 . The Pulley or Block and Tackle System. 


In a block and tackle or pulley system, the 
number of pulleys in the system. 

That is V.R = number of ropes supporting the pulley 
= number of pulleys in the system. 


velocity ratio (V.R) is equal to the 


Example 5 

The diagram below represents a block and tackle pullcv „ u u 

is just able to lift a load of weight W. If , hc efficient fT u , , 

value of W emcitncy of the machine is 40%. find the 
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u H.UC 19V I 1 * 

Fig 7.1 ' ‘ iw 

Solution 

Effort, E = SON; Load. L = W; Efficiency, e = 40% 

From diagram, velocity ratio. V.R = number of pulleys = 6 


M.A 

e= v^ xlo0% 

L 

Also, M.A — — 


M.A. 


Sx V.R 

Too 


40 x 6 
100 


= 2.4 


L = W = M.A xf = 2.4 x 50 = 120N 


Example 6 

The velocity ratio and efficiency of a system of pulleys are 6 and 80° o nespfctiveh low 
much effort is required to lift a load of mass 120kg with this system [g=10ms "] 


U AEC JM6 


Solution 

Velocity ratio = V.R = 6; 
L = mg = 1 20 x 1 0 = 

M.A 

£= vT xl00% 

L 

Also, 


Efficiency, £ = 80° o; Mass, m = * ' 

1200N 


M.A. 


£ x V.R 
100 


80 x 6 
100 


= 4.8 


Effort . E 


L 

M~A 


1200 

4.8 


= 250N 


Example 7 

A block and tackle system is used to lift a load of 20N through a vertical height of I0nv 
If the efficiency of the system is 40%. how much work is done against friction ' 

JAMS I9S9 1 

Solution 

Load, L = 2 ON; Distance moved by load, l = 10m 
Efficiency, £ = 40%; Work output = L x / = 20 x 10 = 200N 


work output load x distance moved by load 

Efficiency = — x 100% rr : — — - — x 100% 


work input 

Work input = 

Work input = 


work input 
load x distance moved bv load 


efficiency 
20 x 10 x 100 20000 


x 100% 


40 


40 


= SOON 


Work output = work input - frictional forces 

Work done against friction Work input — work output 
= S()0 - 200 = 300N 
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Example 8 

///✓/////, 
— _ 

O) 



The figure 7.2 represen.s a Iric.ionlcss pulley 
system in which a weigh. W is in cMU.hhmnn w,.h 
a weight of 40N l intl the value ol W. 


A. 13.3N H. 20.0N 
D 80.0N 


C. 40.0N 

JAM H iwf 


Fig 7.2 

Solution w R = M.A 

Velocity ratio, V.R = number of pulleys = 2; for a I fiction css pu cy. 

Therefore, M.A = 2. Effort, E = W; load, L = 40N. 


L 

M.A=- 


I 40 

£ = w = 7T1 = T = 20N 
M.A 2 


2. The Inclined Plane 

The inclined plane is used to lift heavy load into vans or trucks. Example arc, a 
slope, a hill, a ramp e t c. 



Velocity ratio of an inclined plane is given by: 


distance moved by effort _ length of inclined plane 
distance moved by load height of inclined plane 


From figure 7.3, 
Rearranging, 


opposite 

sinG = 

hypotenuse 

1 l 


sin 0 h 


h 

1 


h 


Therefore, 



1 

sin# 


1 

For a Frictionless inclined plane, V. R = M. A = - — - 

sinfl 

Furthermore, Work output = load x distance moved by load 

= load x height of inclined plane 
= Lx h 

Work input = Effort x distance moved by effort 
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= effort x length of inclined plane 
= E x / 


Efficiency of inclined plane, 


work output 

E = — x 100% 

work input 

L x h Lh 

E = x 100% = — x - x 100% 

E x l El 


Example 9 

An inclined plane of angle 1 5° is used to raise a load of 4500N through a height of 2m. If 
the plane is 75% efficient, calculate , 

(i) velocity ratio of the plane (ii) work done on the load WAEC 1999? 

Solution 

Angle of inclination 0=15°; load, L = 4500N; height of plane, h = 2m; 

Efficiency, 8 = 75% 

(i) Velocity ratio, V. R = — = — - — = 3.86 

slnfl sin IS 

(ii) Work done on the load is the work input 


x 100% 


wui r\ uuipui 

Efficiency = : 

work input 

work output load x height of plane 

Work input = ; x 100% = — — — X 100% 

Efficiency efficiency 

Lx h 4500 x 2 x 100 

= — — x 100 = = 12000/ 


Example 10 

A plane inclined at 30° to the horizontal has an efficiency of 50%. Calculate the force 
parallel to the plane required to push a load of 120N uniformly up the plane. 

.WAEC2007’ 7 

Solution 

Angle of inclination 0 = 30°; V. R = = 2; 

b sin 6 sin 30 

load, L = 120N; Efficiency, E = 50% 

x t. - 

The force parallel to the plane required to push the load is the effort E. 


First, 


Also, 


i»i . n 

we obtain M. A from E = t x 100% 

V. K 

’/• , i 

^.x-V.R -50 x 2 _ 100 _ i 

AA= ioo ioo _ Too " 1 

L L 120 

ma = e - E "=—= 12(TN 


& 




Example 11 : . • 

A man pulls up a box of mass 70kg using an inclined plane of. effective length 5 nt onto a 
platform 2.5m high at uniform, speed. . ff.the ffictionqj forc$, between the box and the 
plane is 100N, draw the diagram of all the forces acting on me fcox.when 'm motion and 
calculate the x ; 1 

(i) minimum effort applied in pulling up the box. 

(ii) Mechanical advantage of the plane 
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(Hi) 

(iv) 

(v) 

(vi) 

(vii) 
given 


Velocity ratio of the plane 
Efficiency of the plane 
Energy lost in the system 

Work output of the man ^ 

Total power developed by the man utfonn is 50s, (g=l0ms ; 

that the time taken to raise the box on P WAEC 199/ 


Solution 



Mass of box, m =70kg; frictional force, F *■ 100N; g=10ms ; 

Height of plane, h = 2.5m; length of plane, / = 5m. 

The load or weight of the block acts downwards and has two components. 

a) mg sin 6 , which is parallel to the plane 

b) mg cos 0, which is perpendicular to the plane. 

h 2.5 

sin0 = — = — = 0.5 
6 = sin" 1 0.5 = 30° 


(i) For the object to be pulled up the plane, it must overcome the opposing frictional 
force, F and the parallel component of the load, mg sin 6. Therefore, the minimum 
effort, E — mg sin 6 + F. 

E = 70 x 10 x sin30 + 100 = 700 x 0.5 + 100 = 350 + 100 


00 


Mechanical Advantage or Force ratio = 


load 

effort 


= 450N 



l 5 

(Hi) Velocity ratio, V. R = r = — = 2 
n 2.5 


Alternatively, V. R = 


sind 


1 

sin 30 0.5 ” ^ 


mg 70 x 10 
T 450 


700 

450 


„ v M.A 

(Iv) Efficiency = — x 100% = 


1.56x100 156 


= — = 78% 


(v) Energy lort in the system - work input - work output 

— Effixt x distance moved by effort - load X distance moved by load 
= (Ex/) — (Lxh) 3 

= (450 x 5) - (700 X 2.5) 


1.56 
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= 2250 ’ 1750 
= 500J 

(vi) Work output of the man = force (load) x height 

= mg x h 

= 70 X 10 x 2.5 = 1750J 

, ..x _ t , . work output 1750 

(vu) Total power developed = = — — = 35 W 

time taken 50 

3. The Screw 

Examples of screw machines are bolts and nut, car screw jack. Engineer’s vice 
e.tc. AJI screws have thread. The distance between successive thread on a screw is 
called its pitch. For one complete revolution, the screw travels a distance that is equal to 
its pitch. 

For a screw, work done = work ouput 

Effort x distance moved by effort = load x distance moved by load 
Effort x circumference of handle = load x pitch 
E x 27ir = L x p 

Hence, the velocity ratio, V. R = 

P 

For a perfect or frictionless screw, M.A = V.R 
2nr 

Hence, M.A = V.R = 

P 

For a screw jack, r ts the length of the handle or Tommy bar of the screw jack. 


Example 12 

A screw jack whose pitch is 4.4mm is used to raise a body of mass 8000kg through a 
height of 20cm. The length of the Tommy bar of the jack is 70cm. If the efficiency of 
the jack is 80%, calculate 

(i) the velocity ratio of the jack 

(ii) mechanical advantage of the jack 

(iii) effort required in raising the body 

(iv) work done by the effort in raising the body [=10ms 2 ; n = 22 / 7 ] WAEC 1993 El 

Solution 

Pitch, p = 4.4mm = 0.0044m; mass, m=8000kg; g= 1 0m/s 2 

Load, L= mg = 8000 x 10 = 80000N; distance load moved, l = 20cm = 0.2m; 
length of Tommy bar, r = 70cm = 0.70m; efficiency, £ = 80% 

2nr 2 x 22 / 7 x 0.70 4.4 

0) The velocity ratio, V.R= — = 5 ^ = 00044 = 1000 

M.A 

(ii) From £ = x 100% we obtain 

V J V. K 

£x V.R 80 X 1000 

Mechanical advantage, M. A = = — = 800 
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Example 13 

Two spanners X and Y of lengths 15cm and 20cm respectively are used in turn to give a 
screw of pitch 2mm one complete rotation. If R, and R y are the respective velocity ratios 
of the spanners, what is the ratio R*. R y ? WAEC 1996 7 

Solution 



X 

Y . 

Length of spanner, r = 

15cm : 

20cm 

Pitch, p = 

2mm 

2mm 

Convert mm to cm (x 1 0) 

20cm : 

20cm 

Velocity ratio, V.R = 

R* 

Ry 

Substitute into V. R 

2ttr 

2-rrr 


P 

P 


2tt x 15 

2tt x 20 


20 

20 

Divide both sides by 2 ti 

2tt x 3 

4 

2tt 

Multiply both sides by 4 

3 

4 

3x4 

1 


4 

1x4 


3 : 

4 


Therefore, ratio R* : R y is 3 : 4 
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Example 14 

A screw jack with a Tommy bar of length 12cm is used to raise a car jhrough a vertical 
height of 25cm by turning the Tommy bar through 50 revolutions. Calculate the 
approximate velocity ratio of the jack. [ re = 3.14] W A EC 2001 

Solution 

Length of Tommy bar, r = 1 2cm; number of revolution, n = 50: 

Height raised or distance load moved, h = 25cm; 


velocity ratio. 


Therefore, pitch, p = — 
n 


h 25cm 


50 


= 0.5cm 


V.R = 


2irr 2 x 3.14 x12cm 75.36cm 


0.5cm 


0.5cm 


= 150.72 ^ 151 


4. The wheel and Axle 

The wheel and axle is a simple machine used to raise water or sand from very 
deep hole or pit. For a wheel of radius R and axle of radius, r; it follows that: 

Work input (work done by effort) = work output (work done by load) 

Effort x distance moved by effort = load x distance moved by load 
Effort x circumference of wheel = load x circumference of axle 
E x 2 tiR = Lx 2 jit 


Velocity ratio = 


distance moved by effort 
distance moved by load 


V.R = 


2ttR 

2ttr 


R 

r 


For a frictionless wheel and axle, 


M.A = V.R 


R 

r 


Efficiency of wheel and axle 


E 


work output 

— x 100% 

work input 


L x 2trr 
E x 2 ttR 


x 100% 


L r 

- x - x 100 
E R 


Example 15 

A wheel and axle is used to raise a load of 500N by the application of an effort of 250N. 
If the radii of the wheel and the axle are 0.4cm and 0.1cm respectively, the efficiency of 
the machine is? A. 60% B. 50% C. 40% D. 20% JAMB 2002 6 

Solution 

Load, L = 500N; E = 250N; Radius of wheel, R = 0.4cm; Radius of axle, r = 0.1cm 


Efficiency, 


E = 

E = 


L r 

— x — x 100% 

E R 

500 0.1 

x — x 100% 

250 0.4 


5000 

100 


50% 
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Example 16 , . m j axle are 40cm antl Scm 

In a wheel and axle mechanism, the diameter o( t t " 1 , j s required to lift a load 

respectively. Given that the mach.ne is 80% effioent. xvh«« J.tMK I U«f» 

oflOON? A. 20N B. 25N C. 50N 1 ,s 1 

Solution ... , i 100N. 


ion j 

Radius = ±21 !pL' ra dius of wheel. R = 7 = 20cm 

Radius of axle, r = ^: efficiency. £ = 80% 


Load. 1- 100N. 

Effort, li ■ ’’ 


L r 

£ = - x - x 100% •• Effort. E 

t n 


Z, x r x 100 


100 x 4 x 100 _ 40000 _ 2SN 


80 x 20 


5. Gear Wheels 

Gear wheels are used in cars and bikes. In gear wheels, the effort an 
applied to the shafts of the gears. 

Therefore: 

nu mber of teeth in driven wheel 
Velocity ratio = number 0 f teeth in driving wheel 


Example 17 

A 20-toothed gear wheel drives a 60 toothed one. If the angular speed ol the smaller 
wheel is 120 rev s*\ the angular speed of the larger wheel is? 

A. 3 rev s 1 B. 40 rev s' 1 C. 360 revs 1 D. 2400 rev s 1 JAMB /ViStf 

Solution 

Number of teeth of driving wheel speed of driving wheel 

Number of teeth of driven wheel speed of driven wheel 

20 120 

60 speed of driven wheel 

r J . , L , 60x 120 7200 

Speed of driven or larger wheel = — = 360 rev s' 1 


EXERCISES 7. 


]■ . *r ch ( ' nC f haS “/^ciency f 60% ' ‘ f ‘ hc machinc is gutted to overcome a 

load of 30N with a force of 20N, calculate its mechanical advantage WAR' lW?Am 15 

2. A simple machine with an efficiency of 75% lifts a load of 5000N when a force of 
500N is applied to it. Calculate the velocity ratio of the machinc. 

WAR' 2001" Ans /.?..?.? 
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3. A machine has a velocity ratio of 6 and an efficiency of 75%. Calculate the effort 

needed to raise a load of 90N. NECO 2002 Ans: 20N 

4. A machine whose efficiency is 60% has a velocity ratio of 5. If a force of 500N is 
applied to lift a load P, what is the magnitude of P? 

A. 750N B.4166N C. SOON D. 1500N JAMB 2004 n Ans: 1 SOON 

5. A machine has a velocity ratio of 4. If it requires 800N to overcome a load of 
1600N, what is the efficiency of the machine? 

A. 2% B. 40% C. 60% D. 50% JAMB 2007 29 Ans:50% 

6. A block and tackle system has 6 pulleys. If the efficiency of the machine is 60%, 

determine its mechanical advantage. WAEC 2002 17 Ans: 3.6 

1. A block and tackle system has six pulleys. A force of 50N applied to it lifts a load 
of weight W. If the efficiency of the system is 40%, calculate W. 

WAEC 2006 21 Ans:120N 

8. A block system of five pulleys has an efficiency of 70%. Calculate the effort that 
will be required to raise a load of 42.00N. NECO 2000 n Ans : 12N 


9. The figure 7.5 represent a block 
and tackle pulley system on which an 
effort of W newtons supports a load of 
120N. IF the efficiency of the machine 
is 40%, then the value of W is 
A. 28. ON B. 4 8. ON C. 50.0N 
D. 288. ON JAMB 1986 12 Ans: SO ON 



10. The diagram in Fig 7.6 is a 
block-and-tackle pulley system in which 
an effort of 80N is used to lift a load of 
240N. The efficiency of the machine is? 
A. 60% B. 50% C. 40% 

D. 33% JAMB 2001 4 Ans: 50% 



11. A plane inclined at an angle of 30° to the horizontal has an efficiency of 50%. 
The force parallel to the plane required to push a load of 120N uniformly up the plane is? 

WAEC J990 5 Ans 120N 

12. A body of mass 7.5kg is to be pulled up along a plane which is inclined at 30° to 

the horizontal. If the efficiency of the plane is 75%, what is the minimum force required 
to pull the body up the plane? [g=10ms 2 J. WAEC 1995 4 Ans: SON 

13 . What is the velocity ratio of a plane which is inclined at an angle of 30° to the 

horizontal? NECO 2004 1 Ans: 2 

14 . A plane inclined at an angle of 30° to the horizontal has an efficiency of 60%. 
The force parallel to the plane required to push a load of 120N uniformly up the plane is 
A. 60NB. 100N C. 120N D. 200N E. 240N JAMB 1984 20 Ans: 100N 

15 . An inclined plane which makes an angle of 30° with the horizontal has a velocity 

ratio of? A. 2 B. 1 C. 0.866 D. 0.50 JAMB 1990 12 Ans : 2 


186 



. ^ f *0 ! The inclination of the 

A plane inclined at angle 0 has a velocity ratio 01 1 , ^ cos q = / |0 

plane to the horizontal is $»iven In A. tan 0 = 1 io B. cot ® . . c .,, n = ! 


ti. sin 0 


JAMB 1993 Arts: sin 0 — 10 

. _ - . . tn the horizontal. It the 

17. A 20kg mass is to be pulled up a slope inclined a - 
efficiency of the plane is 75° 0 . the force required to pull the loa^ up 

A.13.3N B.73.5N CM33.3N D. 533.2N Ans: , 3 3.3\ 

1 a „ir,np nf effective Ien2th 5m 

18. A man pulls up a box of mass 70kg using an inclined P _ . nvcen lhe box and 

onto a platform 2.5m high at a uniform speed. If the frictional o 

the plane is 1000N; , . . ■ _ nfinn 

(i) draw a diagram to illustrate all the forces acting on the oox 
(see Example 1 1) 

(ii) Calculate the 

I. minimum effort applied in pulling up the box. , 

II. Velocity ratio of the plane if it is inclined at ->0 to e onzon 

III. Force ratio of the plane -- 

WAEC 2007 eU Ans: I. 1350S II 2 III - O 5 - 

19. A screw jack, 25% efficient and having a screw pitch 0.4cm is used to raise a oa 
through a certain height. If in the process, the handle turns through a circle o ra ms 
40cm, calculate 

(i) velocity ratio of the machine 

(ii) mechanical advantage of the machine 

(iii) effort required to raise a load of 1 000N with the machine. 

[Take n = 3.14] 1T.-I£C 2002 cU Ans: (i) 628 ( ii ) 157(iii) 6.37S 

Calculate the velocity ratio of a screw jack of pitch 0.3cm if the length of the 


20 , 

Tommy bar is 21cm. A. ‘/uoK 


B. 14jc 


C. 70/t 


D. 140?t 

1 : 


JAMB 1994'- Ans; 140* 


21. A w heel and axle of radii 800mm and 200mm respectively is used to raise a body 
of weight SOON by the application of 250N. Calculate the efficiency of the machine. 

WAEC 2005' Ans . 80% 

22. A wheel and axle have radii 80cm and 10cm respectively. If the efficiency of the 
machine is 0.85, an applied force of 1200N to the wheel will raise a load of 

A. 8.0N B. 6.8N C. S160.0N D. 9600. ON JAMB 1991 s Ans 8 1 60S 

23. In an ideal wheel and axle system, R stands for the radius of the wheel and r is the 
radius of the axle. The mechanical advantage is A R / r 


D. ( V 

24. 


B.( r rV C. r R 
JAMB 2005 17 Apis. R / r 
Which of the following levers has the greatest mechanical advantage. 

3cm i-~- i cm —+> 




7 T 


- 2cm - 




X 


n 


- 1 cm — *-■ 




Hr 7.7 


A 


3cm- 


2cm » — 5 2cm- 


II 


1e 

ir E 


JAMB 1995 Ans C 
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25. A particle of weight 120N is placed on a plane inclined at an angle 30 to t e 
horizontal. If the plane has an efficiency of 60%, what is the force required to push the 
weight uniformly up the plane? 

A. I75N B. 50N C. 2 ION D. I00N JAMB 2007 Ans: WON 

26. Calculate the velocity ralio of a plane inclined at an angle of 60% to the 

horizontal. N ECO 2007* Ans: 1.15 


27. Which of the following equation for the efficiency of a machine is correct? 
A. Efficiency = ^12£112L ratt0 x iq0% B. Efficiency = — — x 100% 

mechanical advantage 11 output 


C. Efficiency = 


load distance 
ef fort distance 


X 100% 


D. Efficiency = 


mechanical advantage ^ JQ0% 


velocity ratio 

W A EC 2 008 ' 7 Ans: D 


28. The efficiency of the pulley 
systems shown in Fig 7.8 is 80%. Find 
the effort E required to lift a load of 
1200N. 

A. 275N B. 325N C. 375N 
D. 573N JAMB2008 14 Ans: 37 5N 



29. If a heavy barrel is rolled up a plane inclined at 30° to the horizontal, its velocity 
ratio will be 

A. 3.0 B. 3.1 C. 3.2 D. 2.0 JAMB 2009 12 Ans: D 

30. A machine of efficiency 80% is used to lift a box. If the effort applied by the 
machine is twice the weight of the box, calculate the velocity ratio of the machine. 

WAEC 2009 16 Ans: 0.63 

31 . An effort P applied at one end of a crowbar just overcomes the resistance W at the 
lid of the tin. The mechanical advantage of the crowbar is expressed as 

A.W + P B.P-W C. w / p D. P / w E. WP 

NECO 2009 14 Ans:C 
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8 

TEMPERATURE AND ITS MEASUREMENT 


TEMPERATURE SCALES , r( . nfth _ 

Temperature is the degree of hotness or coldness of a body an is a measu 
average kinetic energy of the molecules in a body. Temperature is measured * y u 
types of thermometers in any of these scales. 

1 . Absolute or Kelvin scale. 

2. Celsius or centigrade scale. 

3. Fahrenheit scale. 

No matter the scale used, every thermometer has an upper fixed point (steam point), a 
lower fixed point (ice point) and a fundamental interval as shown in figure 8.1. 


Kelvin Celsius Fahrenheit 



Fig 8.1 


Fundamental interval = steam point — ice point. 

E g fundamental interval for Kelvin scale is 373 - 273 = 100K 


Conversion Between Temperature Scales: 

(i) To convert from Fahrenheit (°F) to Celsius (°C), use this formula. 

5CT-32) 

9 

Example 1 

What is the equivalent of a temperature of 120°F in degree Celsius? 


5(120- 32) 5 x 88 

°F = 120°F °C = = — — = 48.89°C 


(ii) To convert from degree centigrade (°C) to degree Fahrenheit (°F), use this 
formula. 

9°C 

°F= — + 32 or °F = 1.8°C + 32 


Example 2 

The freezing point of alcohol is -115°C. What is this temperature in degree Fahrenheit? 
°C = -115°C °F = 1.8 x (—115) 4- 32 


189 



= -207 + 32 
= — 175°F 

(lii) To convert Celsius (°C) to Kelvin and Kelvin (K) to Celsius, use these formulas, 
K = °C + 273 and °C = K - 273 


Example 3 

The temperature of a body increases from 30°C to 70°C, what is the temperature change 
of the body in Kelvin? 

Temperature change = 70°C — 30°C = 40°C 

°C = 40°C temperature in Kelvin, K = 40 + 273 = 313K 


THERMOMETRIC CALCULATIONS 

Liquid -in-Glass Thermometers 

Even if a liquid-in-glass thermometer is ungraduated, faulty or it’s graduate 1 in 
millimeter instead of a particular scale (°C, °F, K), it can still be used to me *re 
temperature if its reading is compared (“corresponded”) with the reading of a sca.’ed 
functioning thermometer. The following examples will illustrate how. 

Example 4 

A liquid-in-glass thermometer is graduated in millimeters. The upper and low ted 
points of the thermometer are 230mm and 80mm respectively. What is the temperature in 
degree centigrade when the thermometer reads 95mm. 

Solution 

Because the answer is required in the Celsius or Centigrade scale, the thermometer is 
“corresponded” or compared with the Celsius scale as follows. 

Let T be the recorded temperature. 


A 1 


230 / 71/77 


100°C G 


C 


95 / 71/71 


T E 



.1 


80 / 71/71 


0°C 1 i 

r 

B D 






1 F H 


Fig 8.2 

Take proportions as follows from fig 8.2 

CD _ EF 
AB “ GH 
C-D E- F 
A-B _ G-H 

Substituting letters for figures we have, 

95mm - 80mm T - °C 
230mm - 80mm ” 100°C-0°C 
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15?nm • 

150 mm 100°C 


Cross multiplying, we have 

150 mm x T = 15mm x 100 

15mm x 100°C 

T — 

150mm 

+ 


10°C 


Examples . f50mm 

A temperature scale has an upper fixed point of 260mm and a lower fixe* poin o 
What will be the reading on this scale when a thermometer reads 1 25 F. 

Solution * * . it 

In this case, the temperature scale is compared with or ‘corresponded to the I a iren 
scale. 



Fig 8.3 

Taking proportions in similar manner with example 4, we have 

x — 50mm 125°F - 32°F 
260mm — 50mm — 212°F - .~33°B; 
x — 50 mm 93°F 
210mm = 180°F 
180U- 50) = 210 x 93 


180jc-9000 = 19530 - 

a 

180x= 19530 + 9000 
180x = 28530 

e 

28530 

x = — = 158.5mm 

loU 

Example 6 

The ice point and steam point of a mercury-in-glass thermometer are marked X and 
180mm respectively. During an experiment, the mercury meniscus in the thermometer 
reads 45mm. If the corresponding reading on a Kelvin scale is 283K, calculate the value of X. 

Solution 

The thermometer scale is corresponded with the Kelvin scale. 


Fig 8.4 
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Taking proportions. 


Cross multiplying. 


45mm- * 283 K - 273 K 

180mm - X ~ 373 K - 273~ 

45 -X 10 

180 — X ~ Too 

100(45 — X) = 10(180 — X) 
4500 - 100* = 1800- 10* 

4500 - 1800 = 100* - 10* 

2700 = 90* 



* = 30mm 


Example 7 

The ice and steam points of a certain thermometer are - 20° and 100° respectively. 
Calculate the Celsius temperature corresponding to 70° on the thermometer. WAEC 2002 

Solution 

The thermometer scale is corresponded with the Celsius scale. 


Fig 8.S 



Taking proportions; 


70° - (-20°) t - 0°C 
100° - (-20°) “ 100°C - 0°C 
70 + 20 t 
100 + 20 “ 100 
90 t 

no - Too 

120t = 90 x 100 


t 


9000 

120 


t = 75°C 


i.aau it. u n n 

The ice and steam points of a faulty mercury-in-giass thermometer are 0.3 C and 99.2 C 
respectively. When used to measure the temperature of a medium, it recorded 47.5°C. 
What is the correct temperature of the medium? 

Solution 

The fixed point and recorded reading of the faulty or inaccurately calibrated thermometer 
is corresponded with a correct or accurately calibrated Celsius thermometer as follows. 

Let 0 be the correct temperature when the faulty thermometer reads 47.5°C. 
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<><)2“C 


100°C 


45 5"C 


Hj» 8.6 


Oj°Cl-l 


u "o°c 


47.5°C - 0.3°C 6 - 0°C 

Taking proportions; — _ Q 3 ~ - 100 o C _o»C 

472 

98.9 " 100 
0 x 98.9 = 47.2 x 100 


4720 
6 - 98.9 


47.7°C 


Kxamplc 9 

I he fundamental interval of a Celsius thermometer is 250mm. What is the temperature 
when the mercury level is 45mm above the ice point. 

Solution 

Remember that the fundamental interval of a thermometer is the difference between the 
steam point and the ice point. The thermometer is corresponded with the Celsius scale. 


Steam point 


250 mm 


Ice point 



r~ 


— 



45mm 




i:::: 



_ 




100°C 


0 

0°C 


Fig 8.7 

Taking proportions; 


45mm 0 — 0°C 


250mm 100°C - 0°C 

45 _ 0 

250 ” 100°C 
45mm x 100°C 


e = 


250mm 


= 18°C 


Resistance Thermometer 

There is a proportionally direct relation between the resistance of metallic 
conductor (c.g platinum) and its temperature. Because there is a corresponding 
relationship between resistance and temperature, we can apply the same procedure used 
in liquid-in-glass thermometer. In addition we could use the following equation to find 
temperature 0 when the resistance is R. 
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x 100°C 



Example 11 

A platinum resistance thermometer records a resistance of 4ft at 32°F and l Oft at 212°F. 
If resistance changes uniformly with temperature, what is the resistance of the 
thermometer when the temperature is 75°F . 

Solution 

The resistance thermometer is corresponded with the Fahrenheit scale as follows 
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'laking proportions; 


Cross multiplying, 


/? - <1/7 7S‘*t : - 32 " R 

= 2i2 o r-3rK 

K - 4 _ 43 

IT - - mo 

180(R - 4) = 6 x 43 
180R- 720 = 258 

180R = 258 + 720 = 978 


« = ^ = 5.43n 
180 


example iz n an( j 

The lower fixed point and upper fixed point of a resistance thermometer are • 

3 50 respectively. If it records 2.50 in a certain environment, what is the tempera ure 
the medium in Kelvin? 

Solution 

The resistance thermometer is corresponded with the Kelvin scale because t e 
temperature is required in Kelvin. 


Fig 8.10 



Taking proportions; 


Cross multiplying. 


2.5 n - 0.5 n 6 - 273 K 

3.5/2 — 0.5/3 “ 373K- 273/C 

2 6 — 273 

3 ~ 100 

3(6 - 273) = 2 x 100 


30 - 819 = 200 


30 = 200 + 819 = 1019 
1019 

0 = 339.67 K 


Example 13 

What is the temperature gradient across a copper rod of thickness 0.02m, maintained at 

two temperature junctions of 20°C and 80°C respectively. A. 3.0 x 10 2 Km -1 

B. 3.0 x 10 2 Km~ l C. 5.0 x 10 2 Km~ l D. 3.0 x 10 4 /Cm~ l JAMB 1999 26 

Solution 


Temperature gradient 


Difference in temperature 
Difference in length 


80- 20 60 

= "aor = ao2 = 3xlo ° Cm ■' or 3 x i° 3 Km - 1 
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Gas Thermometers 

There is a linear or directly proportional relation between the temperature of a 
constant volume gas thermometer and its pressure. As temperature increases, the pressure 
of the gas increases. Also, as temperature decreases, the pressure of the gas decreases. 

Calculations involving gas thermometers arc done in similar ways like those of 
liquid-m-glass and resistance thermometers. 


Example 14 

A constant volume gas thermometer records a pressure of 320mmHg at the ice point and 
400mmHg at the steam point. What would the temperature be in degree Celsius when the 
gas thermometer records a pressure of 360mmHg? 

Solution 

The fixed points pressures (320mmHg and 400mmHg) and the recorded pressure 
(360mmHg) on the gas thermometer is “corresponded” with the Celsius scale as shown 
below. 

Let 0 be the recorded temperature. 

100°C 


0 


o°c 


Fig 8.11 


400mmHg 


360mmHg 


320mmHg 


Taking proportions; 

Cross multiplying, 
Therefore, 


360mmHg - 320mmHg 0 - ° C 

400mmHg — 320mmHg 100°C — 0°C 
40 __e_ 

80 ~ Too 

80 x 0 = 40 x 100 = 400 
400 

e = — = 50°c 
80 


Example 15 

A constant volume gas thermometer is used to measure the room temperature during an 
experiment. If the gas pressure at 273K is 220mmHg and 290mmHg at 373K, what is the 
room temperature if the thermometer records a pressure of 234mmHg? 

Solution 

The lower and upper fixed points pressures (220 and 290mmHg) and the recorded 
pressure (234mmHg) of the gas thermometer is “corresponded” with the Kelvin scale. 


290mmHg 


373K 


234mmHg 


Fig 8.12 


220mmHg 


273K 
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_ . 234 mmHg - 220 mmHg 

Taking proportions; 290mm ^ _ 2 20m^ " 


14 

70 


9 - 273K 
373/C- 273/C 
0 — 273 
100 


Cross multiplying, 


70(0- 273) = 14 x 100 
700- 19110 = 1400 

700 = 1400 + 19110 = 20510 
20510 


e =- 


70 


-= 293K 


EXERCISES 8. 

1. A thermometer has its stem marked in millimeter instead of degree Celsius. The 

lower fixed point is 30mm and the upper fixed point is 180mm. Calculate the temperature 
in degree Celsius when the thermometer reads 45mm. WAEC 1989 Arts: 10 C 

2. A mercury-in-glass thermometer reads -20°C at the ice point and 100 at the 
steam point. Calculate the Celsius temperature corresponding to 70° on the thermometer. 

WAEC 1995 Arts: 75°C 

3. A platinum-resistance thermometer has a resistance of 50 at 0°C and 90 at 1 00 C. 

Assuming that resistance changes uniformly with temperature, calculate the resistance of 
the thermometer when the temperature is 45°C. WAEC 1996 Arts: 6.8Q 

4 . An object is heated from 30°C to 57°C. What is the increase in its temperature on 

the Kelvin scale? WAEC 1998 Arts: 300K 

5 . The lower and upper fixed points of a mercury-in-glass thermometer are marked 

Y and 180mm respectively. On a particular day the mercury meniscus in the 
thermometer rises to 45mm. If the corresponding reading on a Celsius scale is 1 0°C, 
calculate the value of Y. WAEC 1998 Arts: 30mm 

6. The ice point of an ungraduated mercury-in-glass thermometer is X, while its 

steam point is 90°. This thermometer reads 60° when the true temperature is 40°C. 
Calculate the value of X. WAEC 1999 Arts: 40° 

7. A resistance thermometer has a resistance of 20H at 0°C and 850 at 100°C. If its 
resistance is 520 in a medium, calculate the corresponding temperature. 

WAEC 2001 Arts: 49. 2° C 

8. Which of the following value on the absolute scale of temperature is the ice point? 

A. OK B. 32K C. 100K D. 273K WAEC 2004 Arts: 273K 

9. A platinurp resistance thermometer has a resistance of 40 at 0°C and 10O at 
100°C. Assuming the resistance changes uniformly with temperature, calculate the 
resistance of the thermometer when the temperature is 45°C. WAEC 2003 Arts: 6. 70 

10 . The lower and upper fixed points of a thermometer are 30mm and 180mm 

respectively. Calculate the temperature in degree Celsius when the thermometer reads 
45mm. WAEC 2005 Ans: 10°C 

11. A platinum-resistance thermometer has a resistance of 10O at 0°C and 180 at 
100°C. Assuming that resistance changes uniformly with temperature, what is the 
resistance of the thermometer when the temperature is 45°C. NECO 2002 Arts: 13. 6 U C 

12 . What is the equivalent of a temperature of 20°C in degree Fahrenheit? A. 36°F 

B. 68°F C. 1 1.1°F D. 43.1°F E.25°F JAMB 1978 Ans: 68°F 

13 . The ice and steam points of a mercury-in-glass thermometer of centigrade scale 

and of uniform bore correspond respectively to 3cm and 19cm lengths of the mercury 
thread. When the length is 12cm, what wjjl the temperature be? A. 32°C 13. 48°C 

C. 56°C D 65°C E. 75°C JAMB 1981 Ans: 56°C 
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14. The distance between the fixed points of a centigrade thermometer is 20cm. What 
is the temperature when the mercury level is 45cm above the lower mark? 

A. 22.5°C B. 29.0°C C. 90.0°C D. 100. 0°C JAMB 1987 Ans: 22. fC 

15. The resistance of a platinum wire at the ice and steam points are 0.75f2 and 1.05D 
respectively. Determine the temperature at which the resistance of the wire is 0.90Q. 

JAMB 1987 Ans 22 5° C 

16. The resistance of a platinum wire at the ice and steam points are 0.75f2 and 1 .050 
respectively. Determine the temperature at which the resistance of the wire is 0.9fi 

A. 43.0°C B. 50.0°C C. 69.9°C D. 87.0°C JAMB 1990 Ans: 5(fC 

17. A thermometer with an arbitrary scale, S, of equal division registers -30 S at the 
ice point and +90°S at the steam point. Calculate the Celsius temperature corresponding 
to 60°S. A. 25.0°C B. 50.0°C C. 66.7°C D. 75.0°C JAMB 1991 Ans: 75°C 

18. A platinum resistance thermometer wire has a resistance of 5£2 at 0°C and 5.5£2 at 
100 C. Calculate the temperature of the wire when the resistance is 5.212. 

A. 80 C B. 60°C C. 40°C D. 10°C JAMB 1992 Ans: 4(fC 

19. The melting point of naphthalene is 78°C. What is this temperature in Kelvin? 

A. 100K B. 351K C. 378K D. 444K JAMB 1994 Ans: 35 IK 

20. A temperature scale has a lower fixed point of 40mm and an upper fixed point of 
200mm. What is the reading on this scale when a thermometer reads 60~C? 

A. 33.3mm B. 36.0mm C. 96.0mm D. 136.0mm JAMB 1995 Ans: 136mm 

21. A platinum resistance thermometer records 3.0 Q at 0°C and 8.00 at lOC^C. If it 
records 6.00 in a certain environment, what is the temperature of the medium? 

A. 80°C B. 60°C C. 50°C D. 30°C JAMB 1998 Ans: 6(fC 

22. A platinum-resistance thermometer has a resistance of 40 at 0°C and 120 at 
100 C. Assuming that the resistance changes uniformly with temperature, calculate the 
resistance of the thermometer when the temperature is 45 °C. NECO 2003 Ans:7.6Cl 

23. The electrical resistances of the element in a platinum resistance the : mometer at 

100°C, 0°C and room temperature are 75.000, 63.000 and 64.9920 respectively. Use 
these data to determine the room temperature. WAEC 2004 Ans: 16.(PC 

24. A temperature scale has a lower fixed point of 40mm and an upner fixed point of 
200mm. What is the reading on this scale when a thermometer reads 60°C. 

JAMB 1995 Ans: 136.0mm 

25. A platinum-resistance thermometer has a resistance of 40 at 0°C and 120 at 
100°C. Assuming that the resistance changes uniformly with temperature, calculate the 
resistance of the thermometer when the temperature is 45°C. NECO 2003 Ans: 7.6 O 

26. The ice and steam points on a mercury-in-glass thermometer are found to be 

90.0mm apart. What temperature is recorded in degree Celsius when the length of the 
mercury thread is 33.6mm above the ice point mark. WAEC 1994 Ans 37.33 C 

27. The height of the mercury thread in a mercury- in-glass thermometer when in 

melting ice and then in steam are 3cm and 18cm respectively. What would be the height 
of the thread at a temperature of 60°C? A. 7.5cm B. 9cm C. 10.8cm 

D. 12cm E. 12.6cm JAMB 1979 Ans: 12cm 

28 The lower and upper fixed points marked on a mercury-in-glass thermometer are 
2 10mm apart. The end of the mercury column in the tube is 49mm above the lower fixed 
noint in a room What is the temperature of the room in degree Celsius? A. 55.3°C 

B 23 3°C C.49.0°C D. 16.1°C E. 76.7°C JAMB 1984 Ans: 23 ,3°C 

29 The pressure on the gas of constant gas thermometer at the ice point is 325mm of 
mercurv and at the steam point 875mm of mercury. Find the temperature when the 

* A-™ O 

30 The length of mercury thread when it is at 0°C, 100°C and at an unknown 
lemneraturc 0 is 25mm, 225mm and 1 75mm respectively. What is the value of 0? 

A 85 0°C B 80.0°C C. 75.0°C D. 70.0°C JAMB 1997 Ans 75°C. 


198 



, ii-c nomls arc SOOmmllgand 

31. The readings on the pressure scale ^^p'^aln^iemporal.irc in rtcgrcc C clsius 

300mmllg respectively. lVicnmnc v , 

when i, reads 450mm. ig. NECO 2007 ' M»»- |hcmlonlclcr arc I Ocm and 30cm 

32. The ice and steam points on a mercury-' %vhon the mercury meniscus s 

respectively. Calculate the temperature in 

at the 14cm mark. M'AEC 2007 (.In' 20 ( ' urc X 0 and Xioo respectively. 

33. The lower and upper fixed points ol a thermo ^ scalc j s given by 

A temperature r on the Celsius scale corresponi uig to r mo(Xn-Xt) 

IOO(.<,no-.V n ) „ ' (X.oo-^l) 

X,-X„ 100(.V, o „-X„) X, m -Xo 

E „„x,-x.o NEC0200S Arts. E 

34. faulty thermometer registers I02.5°C at I00°C. II ‘^^""oo^Ans: 56.4°C 
error, what will it register at 55°C? 
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MEASUREMENT OF HEAT ENERGY 


SPECIFIC HEAT CAPACITY AND HEAT CAPACITY 

When heat is added to or removed from a body, the temperature change 
experienced depends on the mass of the body and its specific heat capacity as illustrated 
by this equation: 


Q = mc(e 2 - e t ) or Q = mcAO 

Where Q = quantity of heat energy in Joule(J) 
m = mass of substance in kilograms (kg) 

02 = final temperature in degree Celsius(°C) or Kelvin (K) 

0i = initial temperature in degree Celsius(°C) or Kelvin (K) 
c - specific heat capacity in Jkg~ 1 K~ 1 or Jkg~ lo C~ l 

The heat capacity (thermal capacity), C, of a substance is defined as the heat 
required to raise the temperature of the substance by 1°C or IK. The S.I. unit is /°C _1 or 
]K-\ 

The specific heat capacity, c of a substance is defined as the heat required to raise 
the temperature of a unit mass of the substance by IK or 1°C. The S.I. unit is Jkg~ 1 K~ 1 
or Jkg~ l ° C -1 

Heat capacity (C) is related to specific heat capacity (c) as follows: 

Heat capacity = mass x specific heat capacity 
C - me 

Quantity of heat (Q) is also related to heat capacity as follows: 

Quantity of heat = heat capacity x temperature change 
Q = c(6 2 - 9 X ) or Q = CA0 


Example 1 

What is the quantity of heat that will be given out if a bar of brass of mass 350g is cooled 
from 95°C to 20°C. [specific heat capacity of brass = 3%Q Jkg~ 1 K~ 1 ] 

Solution 

Mass, m = 350g = 0.35kg; c = 380 Jkg~ l K~ l \ Tempt change, A0 = 95 - 20 = 75°C 

Heat energy given out = mass of substance x specific heat capacity x temperature change 

Q = me AO 

Q = 0.35 x 380 x 75 = 9975 J 


Example 2 

How much heat energy will be needed to change the temperature of 275g of paraffin oil 
by 75K [specific heat capacity of paraffin oil = 21 30.1kg' 1 K' 1 ] 

Solution 

Mass, m = 275g = 0.275kg; temperature change, A0 = 75K 

Specific heat capacity, c = 2130 Jkg~ 1 K~ l \ 

Substituting into Q = mcA0, we have 
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Q = 0.275 x 2130 x 75 = 43931.25 J 


Example 3 0 

Calculate the final temperature of 2kg of alcohol at 25 C when 20160 Joules of heat 
energy is added to it. [specific heat capacity of alcohol = 2520 Jkg~ l K~ l ] 

Solution 

Quantity of heat, Q = 20 1 60J; mass of alcohol, m = 2kg; final tempt., 0 2 = ? 

initial temperature, 0i = 25°C; specific heat capacity, c = 2520 Jkg-'K' 1 ; 

Substituting into Q = mc(0 2 ~ 0i), we have 
20160— 2 x 252O(0 Z — 25) 

20160 = 5O4O(0 2 - 25) 

20160 = 504002 — 126000 
20160 + 126000 = 504002 
146160 = 5O4O0 2 
146160 

0 >= -5040“ = 2900 


Example 4 

500g of water is heated so that its temperature rises from 30°C to 72°C in 7 minutes. 
Calculate the heat supplied per minute. (Specific heat capacity = 4200 Jkg~ 1 K~ 1 ) 

WAEC 1994 

Solution 

Mass of water, m = 500g - 0.5kg; initial temperature, 0| = 30°C; 

final temperature, 0 2 = 72°C; specific heat capacity, c = 4200 ]kg~ l K~ y \ 

Substituting into Q = mc(d 2 - 0 r ) 

= 0.5 x 4200 x (72 - 30) 

= 0.5 x4200 x 42 = 882001 


88200J is the total heat supplied in the 7 minutes, therefore heat supplied per minute is 
= 12600| 


Example 5 

The temperature of a piece of metal of mass 9g is raised from 10°C to 1 10°C when it 
absorbs 108J of heat energy. Determine the specific heat capacity of the metal in 

/kfl-'fT 1 WAEC 1999 

Solution 

Mass of metal, m = 9g = 0.009kg; initial temperature, 6 X = 1 0°C; 

final temperature, 0 2 - 110°C; heat absorbed, Q = 1 08J. 


Q = me (6 2 - 0 X ) 


Specific heat capacity, c = 


108 


m(0 2 -0 t ) 0.009(1 10 - 10) 

108 


0.009 x 100 


= 120 Ikg-'K- 1 


b f y 7° 1 mcth0ds 7 - mcthod of 

* 1 ncTCIOre . the methods of calculation are also two: 
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Method of Mixtures 

When a hotter substance and a colder substance (solid/solid, solid/liquid or 
liquid/liquid) come in contact with each other, the hotter substance loses heat to the 
colder substance. The transfer of heat from the hotter to the colder substance will 
continue until the two substances attain the same temperature. 

Therefore, we can state the following: 

Heat given out by hotter substance — Heat gained by colder substance 
That is, Q h = Q c 

Let 0^ be the temperature of the hotter substance 
6 C be the temperature of the colder substance 

0 be the final or equilibrium temperature of both substances or mixture. 

•• The temperature change of the hotter substance is: 

A0 H = 0 H — 0 

The temperature change of the colder substance is 

AOq — 0 — Oq 

Heat given out by hotter substance, Q H = mcAO H 

Qh = mc(0 H - 0 ) 

Heat gained by colder substance, Q c = mcAO c 

Q c = me(0 — 0 C ) 

If heat given out = Heat gained 
Then Q H = Q c 

me A 0 H = mcAO c 
mc(0„ - O') = me (6 - 0 C ) 

The masses and specific heat capacities of the hotter and colder substances could be 
different or the same. 


Example 6 

Calculate the final or equilibrium temperature of the mixture of 250g of water at 65°C is 
added to 150g of colder water at 5°C. Neglect heal abwM by the surrounding, 
[specific beat capacity of water = 42000 Jkg K ). 

Solution 

Mass of hot water, m = 250g = 0.25kg, mass of cold water, m = 1 50g = 0. 1 5kg 

Temperature of hot water, 6h = 65°C. Temperature of cold water, Oc = 5°C 

SHCofwater,c = 42OO7*0" 1 #r\ SHC of water, c = 4200 Jkg-'K 1 

Lei 0 be the final or equilibrium temperature. 

Heat given out by hot water = Heat gained by cold water 

Qh - Qc 

mc(0 H -0) = mc(0 - 0 C ) 

02S x 4200 x (65 - 0) = 0.15 x 4200 x (0 - 5) 

Divide both sides by 4200 to obtain 
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0.25(65 - 0) = 0.15(0 - 5) 


16.25 - 0.250 = 0.150 — 0.75 
16.25 + 0.75 = 0.150 + 0.250 


17.0 = 0.40 

g = — = 42.5'C 
0.4 


Example 7 > , Tf , 

Hot water is added to four times its mass of water at 25 °C and thorough!} stirred 
final temperature of the mixture is 40°C, calculate the initial temperature of the lot wa er. 
Solution .n-'Ji- v. t 

Mass of hot water = m mass of cold water, = 4m 

Temperature of hot water, 0 H Temperature of cold' water, Q c - 25°C 

SHC of hot water = c SHC of cold water = c 

Final temperature of mixture, 0 = 40°C. 


Heat given out by hot water = Heat gained by cold water 


Qh ~ Qc 

mc(6 H - 6) = mc(6 -~6 C ) 
mc(6 H — 40) = 4mc(40 -* 25) 
Divide both sides by me to obtain 

0 H - 40 — 4 x X5 
G„ - 40 = 60 

Off = 60 + 40 = 100°C 


Example 8 u : - < n 

A tap supplies water at 15°C while another supplies water at 90 , C. 1 If a man wishes to 
bathe with water at 30°C, calculate the ratio of the mass of cold water to the mass of hot 
water. 

Solution ,, 

Mass of hot water = m H mass of cokf water, = m c 

Temperature of hot water, 0 H - 90 d C; - * Temperature of cold Water, 9c' = 1 5 9 C 
SHC of water = c SHC of wafer ^ 

Final temperature of mixture of cold/hot water, 9 = 30°C. u 

w 

Heat given out by hot Wafer = tteat gained by ^old-watef o 7 

' ('**' - . •*:•;// t- '-\>s \ : - . ' ,, 

q h = q c y v # : ,0 ^' *"• 

fo ^^ r ! PV Tll,r ' r ’ ; ^ 70 *1 u 

m H C (A/i~ A) P Ac) « » . iT j ,T.P !E J>{ 

Substituting and dividing both sides by e we have 

m w (90 - 30) = m c ($(T- i&f 


60m w — 15m c 


in 

ii* < OflSf* 


Because we are asked to find ratio of cold water to hot water, we make m c the subject of 
equation. 
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Rearrange as follows 


m, 


(ii)W n 

IS 


m c 60 4 

1 S I 

Ratio of mass of cold water to mass of hot water is 4: 1 


On the other hand, if you were asked to calculate the ratio of mass of hot water to mass of 
cold water, you would proceed as follows: 

From 60 m H — 15m c , make m H subject of the equation 


Rearrange; 


m H = 

m H _ 


15 m c 
60 
15 _ 
"60“ 


1 

4 


Therefore ratio of mass of hot water to mass of cold water is 1 :4 


Example 9 

When lOOg of liquid Lj at 78°C was mixed with X g of liquid L 2 at 50°C, the final 
temperature was 66°C. Given that the specific heat capacity of L 2 is half that of L|, find 
X. A. 50g B. lOOg C. 1 50g D. 200g JAMB 1994 

Solution 

Mass of m H — lOOg = 0.1kg mass of L 2 , m c — X 

Temperature of L 1 , 6 H = 78°C Temperature of L 2 ,B C = 50°C 

SHCofLj = c SHCof L 2 =\c 

Final temperature of mixture of L| and L 2 is 0 = 66°C. 

Heat given out by liquid, Lj ( Q H ) = Heat gained by liquid L 2 (<? c ) 

Qh = Qc 

m H c(0 H -9) = m c c(0 - G c ) 

1 

0.1 x c x (78 - 66) = X x -c x (66 - 50) 

1 

0.1 x c x 12 = X x -c x 16 
1.2c = X x 8c 


Divide through by c 


1.2 = X x 8 

X = ^ = 0.15 leg or 150 g 

a 


Example 10 

When two objects P and Q are supplied with the same quantity of heat, the 
temperature change in P is observed to be twice that in Q. If the masses of P and Q are 
the same, calculate the ratio of the specific heat capacities of P to Q. WAEC 1 994. 

Solution 

P Q 


Same quantity of heat : 
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Example 11 

Two metals A and B lose the same quantity of heat when their temperatures drop 
from 20°C to 15°C. If the specific heat capacity of A is thrice that of B, calculate the ratio 


of the mass of A to that of B. 


NECO 2005 

Solution 

A 

B 

Same quantity of heat lost, Q 

Q 

: Q 

Same temperature change, A0 = 20 - 

U 

o 

un 

II 

: 5 

Specific heat capacity, c 

3c 

: C 

Q 

Q = mcA0 .% m = — - 
v cA0 



substituting, we have 

Q 

Q 

3c x 5 

c x 5 


Q 

Q_ 


15 c 

Sc 


±(Q\ 

1 ( Q \ 


15 V J 

5VcJ 


1 

1 


15 

5 

multiplying both sides by 15 


■ 15 © 


1 : 3 


Ratio of mass of A to that of B is 1:3 


Example 12 

A piece of copper of mass 0.1kg is heated to 100°C and then transferred to a well 
lagged copper can of mass 0.05kg containing 0.2kg of water at 10°C. Calculate the final 
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sternly temperature nl the mixture. [Specific heal capacity of water r 4.2x10 ')kg l K \ 
Specific heat capacity of copper *= 4. Ox 1() 2 Jkg 1 K 1 |. NliCO 2005 

Solution 

1 leal lost by copper I lent gained by calorimeter 4 water 
1 et the final steady temperature be 0 

Heat lost by copper, Q c - mcAO = 0.1 x 4.0 x 10 z x (100 - 0) 

Heat gained by calorimeter, Q calorlmcler = mcAG = 0.05 x 4.0 x 1O 2 (0 - 10) 
Heat gained by water, Q waler = mcAO = 0.2 x 4.2 x 10 3 (0 - 10) 


*• Qc Qcalorimcter "b Qwater 

0.1 x 4.0 x 10 2 x (100- 0) = 0.05 x 4.0 x 1O 2 (0 - 10) + 0.2 x 4.2 x 1O 3 (0 - 10) 
40(100 - 0) = 20(0 - 10) + 840(0 - 10) 

4000 - 400 = 200 - 200 4- 8400 - 8400 
4000 + 8400 4 200 = 200 + 8400 + 400 
12600 = 9000 
„ 12600 
6 = "90T = 14 ' C 


Example 13 

A metal of mass 0.5kg is heated to 100°C and then transferred to a well-lagged 
calorimeter of heat capacity SQJK" 1 containing water of heat capacity 420JK' 1 at 15°C. If 
the final steady temperature of the mixture is 25°C, find the specific heat capacity of the 
metal. A. 92 ] kg-'K~ l B. 133 Jkg^K' 1 C. 286 Jkg-'K’ 1 

D. 877 Jkg~ 1 K~ l JAMB 2000 

Solution 

Heat energy gained or lost = heat capacity x temperature change 
Q = CA0 

Heat lost by metal = Heat gained by calorimeter + water 
Heat lost by metal, Q = C A0 = Cx (100 - 25) 

Heat gained by calorimeter, Q c = CA0 = 80 x (25 - 15) 

Heat gained by water, Q w = CAG = 420 x (25 - 15) 

Q — Qc + Qw 

C x 75 = (80 x 10) + (420 x 10) 

75C — 800 + 4200 


75C = 5000 
5000 


C = 


75 


= 66.677/T 1 


I leal capacity (C) = mass (m) x specific heat capacity (c) 
Mass of metal, m = 0.5kg 

C 66.67//T 1 

Specific heat capacity of metal, c - — - — — — 


W333Jkg-'K~ l 
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Kkrtrical . . mmcr m d,:.p.cr 7 of Hook 1 will be 

A quick revision of electrical energy am madly by electrical method. 

very helpful ami relevant to calculation of spcctlic c. substances (liquid. 

When - Ml m to. «r >• “ b *“ C , a n«( S ) » equal .o the 

solid/liquid or solid), ihc heat energy (Q) £ a,ncU ny 
clectncal energy (H) supplied hy the heater. 1 hat is 

Heat gained by substance - heat supplied by electrical 


Q = H 



mcAG = IVt 

Or 

mc(0 2 ~~ 0i) “ 

mcAG = Pt 

Or 

me (6 2 — ^i) “ P* 

me AG = l 2 Rt 

Or 

mc(0 2 ~ 0i) = 

V 2 1 

me AG = — — 

Or 

V 2 t 

mc{0 2 — 0 X ) - ^ 


Where m = mass of substance in kilograms (kg) 

c = specific heat capacity in Jkg~ 1 K~ l or ]kg °C 
A0 = change m temperature in K or °C 
0 2 ~ final temperature after heating in K. or °C 
initial temperature before heating in K or °C 
1 = current in Amperes (A) 

V = potential difference or voltage in volts (V) 
t - duration of current flow in seconds (s) 

P = 1 V = electrical power (power rating) in watt(W) 

H = electrical heat energy in Joules (J) 

R = resistance of healing coil in ohm (£2) 

Any of the above equations can be used to solve problems but this will depend on the 
data given in the question. 


Example 14 

How long will it take to heat 3kg of water from 28°C to 88°C in an elcctnc heater taking a 
current of6A from an e.m.f. source of 220V? 

[specific heat capacity of water =4200 Jkg~ 1 K~ l ). WAEC 1990 

Solution 

Mass of water, m = 3kg; initial temperature, 0! = 28°C 

Final temperature, 02 = 88°C; current, 1 = 6A 

Voltage, V = 220V; c = 4200 Jkg~ l K~ l 

Heat energy supplied by heater = heat gained by water 

IVt = mc(0 2 - 0 r ) 

6 x 220 x t = 3 x 4200(88 - 28) 

1320 x t = 12600 x 60 


756000 

1320 


572.7s 


Example 15 

How long does it take a 750W healer operating at full rating to raise the temperature of 
1kg of water from 4()V to 70V? [ lake the specific heal capacity of water as 

4200Jkg K 1 and neglect heat losses|. W AFA ' 1991 
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Solution 

Mass of water, m = 1kg; initial temperature, 0| = 40°C; final temperature, 02 = 70°C; 
power rating of heater, P = 750W; specific heat capacity, c = 4200 lkg- l K~ l 


Heat supplied by heater = heat gained by wdter 
Pt = mc{0 2 - 0 t ) 

750 xt = 1 x 4200(70 -40) 
750 X t = 4200 x 30 


126000 
1 ~ 750 


= 168s 


Example 16 

A 500W heater is used to heat 0.6kg of water from 25°C to 100°C in t, second. If another 
1000W heater is used to heat 0.2kg of water from 10°C to 100°C in t 2 seconds, find t|/t 2 
A 50 B. 5 C. 5/4 D. 1/5 JAMB 1998 

Solution 

From Pt = mc(0 2 — 0 X ) we make t subject of the equation. 

_ rnc(e 2 - 6Q 
P 

0.6xcx (100-25) 

1st instance, t x = — - 


0.6c x 75 


500 


= 0.09c 


2nd instance, t 2 
t. 

Therefore, — = 
*2 


0.2 xc x (100- 10) 
= 1000 
0.09c 0.09 90 

0.018c = 0.018 “18 


0.2c x 90 
1000 


5 


= 0.018c 


Example 17 

An immersion heater rated 400W, 220V is used to heat a liquid of mass 0.5kg. If the 
temperature of the liquid increases uniformly at the rate of 2.5°C per second, calculate the 
specific heat capacity of the liquid (Assume no heat is lost). WAEC 2005 

Solution 

Power rating of heater, P = 400W; temperature change, A0 - 2.5°C; 

Mass of liquid, m = 0.5kg; time, t = 1 sec. (.... rate of2.5°C per second). 

Voltage, V = 220V. 

Heat energy supplied by heater = heat gained by liquid 
Pt — me A0 

400 x 1 = 0.5 x c x 2.5 

400 t , 

c = oi^rs = 320]k9 ' 1K ' 1 


Example 18 

An electric current of 3 A flowing through an electric heating element of resistance 
2 on embedded in l,000g of an oil raises the temperature of the oil by 10°C in 10 sec. 
What is the specific heat capacity of the liquid? A. 1 .8 J/g B. 0.6 l/g 

C.0 18 J/g°C D. 18/ / g°C E.0.06]/g°C JAMB 1983 
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I lent supplied by heater = heat gamed by oil 
J 2 R( = mc&0 

t 2 Rt _ 3 2 x 20 X 10 _ 0 18 jq-'°C~ x 
Specific heat capacity, c = —rr, - !000 y 10 


Kxamplc I 1 ) . , 

calculate the power rating of an immersion heater used for 10 minutes to incrca.e 
temperature of 10kg of w ater by 1 5k | specific heat capacity of water = 4200Jkg !■ 

H /WV 

Solution 

Time, t = lOnnn = 10 x oOsee = (>0()s: mass of water, m = 1 0kg; ^ ^ 

Temperature change. A0 = 1 5K; specific heat capacity of water, c = 4 200] kg K 


Therefore, 


tncAQ = Pt 

mcM 10 x 4200 x 15 630000 


P = ■ 


600 


600 


= 1050 W 


Kxamplc 20 

A heating coil ol resistance 2(.U2 connected to a 220V source is used to boil a certain 
quantity ot water in a container ol heal capacity 100JK 1 for 2 minutes. II the initial 
temperature of the water is 40°C. calculate the mass ot the water in the container. 

[ specific heat capacity ot water 4.2 x 10* / kg~ x K~ l \ assume boiling point of water 

KKre). W A EC 2002 

Solution 

Note that that generated by the heater will be absorbed by the water and the container, 
therefore; 

Heat generated by heater = heal absorbed by water f heat absorbed by container 


Resistance of heater. R 201]; 
heat capacity of container, C \0()JK 1 
final tempt.. (R 1 ()()"(' (boiling poml of water). 
Specific heat vapacitx of water 4200/A/y 1 K 1 


voltage, V 220V; 

time, t 2mm 2 x 60s = 120s; 

initial tempt,, 0, 40°C; 

I ct ni he the mass ol water 


V 2 t 


Subsi, into into — = |/m(0 2 - + |f(G 2 G,)l 


cunt inner 


(Ki iiK'mbi-i oI'Ikmi yQ) = lu .il c;ip;iciiy(6’) x tempemhuv chaugc(AO)) 

220 J 

— - x 1 20 = /ii x 4200 ( 1 00 - 40) + 1 00 (, 1 00 - 40) 

200400 = m x 4200 x 00 + 100 x 60 
200400 = in x 262000 +- 6000 


2O0400 - ( >000 = 262000/11 
204400 = 262000m 


284400 

“ 252000 = 1 Ul<9 


Example 21 

A 1 .2KW immersion heater is used to supply energy for 75s. The energy supplied is used 
to heat 800g of paraffin in calorimeter of heat capacity 42.5 JK~' from 20°C to 66°C. 
Calculate the specific heat capacity of the paraffin. NECO 2008 21 

Solution 

Power rating of heater, P = 1.2KVV = 1200W; time taken, t = 75s 

mass of paraffin, m = 800g = 0.8kg heat capacity of calorimeter, C = 42.5 ]K~ X 

initial tempt., Q , = 20°C final tempt., 9 2 = 66X 

specific heat capacity of the paraffin, c =? 

Pt — [mc ((?2 — 9\ )]paraf fin + (C(®2 — )]calorlmeter 

1200 x 75 = 0.8 x c x (66 - 20) + 42.5(66 - 20) 

90000 = 0 8 x c x 46 + 42.5 x 46 
90000 = 36.8c + 1955 
90000 - 1955 = 36.8c 
88045 = 36 8c 

88045 , , 

c = — — - = 2392.53 S 2393]kg~ x K~ x 
36.8 


TEMPERATURE DIFFERENCE IN A WATERFALL 

When a mass of water falls from the top of a waterfall to the bottom, the potential 
energy it possesses at the top is transformed to kinetic energy and internal molecular 
energy. These energy transformation eventually result in a slight increase in temperature 
at the bottom of the waterfall. 


Example 22 

A waterfall is 1260m high. Calculate the change in temperature of a quantity of water 
that falls from the top to bottom of the water fall. (Neglect heat losses to surrounding, 
take g as 10m/s 2 and specific heat capacity as 4200 Jkg~'K~ l ) WAEC 1998 

Solution 

Height of waterfall, h = 1260m; g = 10m/s 2 ; specific heat capacity, c = 4200 Jkg~ 1 K~ l 

The following assumption can be made. All the potential energy (PE) the water possesses 
at the top is converted to heat energy at the bottom. Therefore, 


Potential energy = heat energy 
mgh — mcAQ 

substituting we have, vn X 10 x 1260 — th x 4200 x A 9 
divide through by m, 10 x 1260 — 4200 x A 6 

10 x 1260 

A *=-l200-= 3 ° C 
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Example 23 , - ny . • 'k' 1 falls through a vertical distance 

A piece of substance of specific heat capacity 450Jkg ' hittinn the Ground 

of 20m from rest. Calculate the rise in temperature of the substa^on thc^oim 

when all energies are converted into heat. A. 2/9 C B / ,Aun rnoQ 

D. 9/2 °C J ' ‘ 

Solution A*(\ib ~ 1 K~ 1 

Vertical distance, h = 20m; g=I0m/s 2 ; specific heat capacity, c - J9 

Potential energy = heat energy 

mgh = mcA0 

substituting we have, mxl 0 x 20 = mx 450 x A0 
divide through by m, 10 X 20 = 450 X A 0 

1^20 = 200 = 4 oc = 044 ° c 

450 450 9 


LATENT HEAT 

Latent heat is defined as the heat absorbed or given out by a substance during a change of 
state at constant temperature. 

Latent heat of fusion 

Specific latent heat of fusion (/) of a substance is the quantity of heat ((?) required to 
change a unit mass (m) of the substance at its melting point to a liquid without a change 
in temperature. 

That is, Q = ml or / = — 
where Q = quantity of heat in joules (J) 
m = mass of the substance in kg 
l = specific latent heat of fusion in Jkg* 1 

However, when the heat supplied (Q) is from an electric heater, the following 
equation apply: 

From Q = ml we have 
IVt = ml 
Pt = ml 
I 2 Rt = ml 



See page 112 for the definition of the term on the left hand side of the above 
equations. 

Example 24 

Calculate the quantity of heat required to change 200g of ice to water at 0°C. [specific 
latent heat of fusion of ice = 33670' 1 ]. NECO 2006g 

Solution 

Mass of ice, m = 200g; specific latent heat of fusion, l = 336 Jg' 1 

Quantity of heat, Q = ml = 200 x 336 = 67200J. 
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Example 25 

A 90W immersion heal is used lo supply energy for 5min. The energy supplied is used to 
completely melt l60g of a solid at its melting point. Calculate the specific latent heat of 
fusion of the solid. WAEC 1991 

Solution 

Power rating of heat, P = 90 W; time, t = 5mm = 5 x 60 = 300s; 

mass of solid, m = 160g = 0 .16kg. 

, , P x t 90 x 300 , -i 

Pt~ml /= = = 16875O7/C0 1 or 168.757# 

m 0.16 

\ 


Example 26 

What amount of current would pass through a 10Q coil if it takes 21s for the coil to just 
melt a lump of ice of mass lOg at 0°C if there are no heat losses? [latent heat of fusion 
of ice = 336 7#" 1 ]. WAEC 1993 

Solution 

Resistance of heating coil, R = 1 Oft; time, t = 2 1 s; 

mass of ice, m = lOg; ' Latent heat of fusion, / = 3367#" 1 

, ml 

From I Rt = ml we obtain I 2 = — 

Rt 



336 x 10 
J 10 x 21 


3360 

J 210 


= Vl6 = 4 A 


Example 27 

An electric heater is used to melt a block of ice, mass 1 .5kg. If the heater is powered by a 
12V battery and a current of 20 A flows through the coil, calculate the time taken to melt 
the block of ice at 0°C. [Specific latent heat of fusion of ice = 336 x 1037#" 1 ] 

A. 76.0 min B 35.0 min C. 2 1.0 min D. 2.9 min 

JAMB 1989 

Solution 

Mass of ice, m = 1 .5kg; potential difference, V = 1 2 V; current, I = 20A 
From IV t — ml we derive, 


ml 

Time taken, t = — 


336 x 10 3 x 1.5 
20 x 12 


504000 

240 


= 2100s = 35mms 


Latent Heat of Vaporization 

Specific latent heat of vaporization (L) of a substance is the quantity of heat (Q) 
required to change a unit mass (m) of the substance from liquid at its boiling point to 
vapor without a corresponding change in temperature. 

Q 

That is, Q = ml or L= — 

m 

where Q = quantity of heat in Joules(J) 

771 = mass of substance in kg 
L = specific latent heat of vapourization in Jkg 1 

If the heat (?) supplied from an electric heater, the following equations apply. 
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we have 


From Q - 

lVt ~ mi 
Pt ~ mi 


l 2 Rt = mi 
V 2 t 

= mi 


See page 112 for the definition of the term 


on 


the left hand side of the above 


equations. 

The equation used for a question 


will depend on the data given in the question. 


A quantity of steam at 100°C condenses lo water at the same tempera heat 0 f 

X 1 0 4 J of energy. Calculate the mass of the condensed steam [speci 1 2006 

vapourization of water = 2.3 x 106 Jkg" 1 ] 

Solution 

Quantity of heat released by steam, Q = 6.9 x 10 J 
Latent heat of vapourization, L = 2.3 x 10 6 Jkg~ l 

From Q — mi we derive 


Mass of condensed steam, 


g ‘.9X10- 
i 2.3 xlO 6 


Example 29 

10 6 J of heat is required to boil off completely 2kg of a certain liquid. Neglecting heat lost 
to the surrounding, what is the latent heat of vapourization of the liquid? 

A. 5.0 x 10 5 Jkg- 1 B. 2. 0 x 10 s Jkg~ l C. 5.0 x 10 6 lkg~ 1 D. 2.0 x 10 6 Jkg~ 1 

JAMB 2005 

Solution 

Quantity of heat supplied, Q = 10 6 J; mass of substance, m = 2kg 

From Q = mi we obtain 


Latent heat of vapourization, 


f Q 10 6 

i=- = — =5xlO s /fe 5 - 1 


Example 30 

A heating coil rated at 1000W is used to boil off 0.5kg of boiling water. What k the h™ 
taken to boil off the water? [Specific latent heat of vapourization of water - 7 7 v 

in6 A 1 ir inQ- T^. wainr — Z. D X 


10 b Jkg-'} A. l.lSxlO’s B. 1.15 x 10 7 s C. 1.1S x 10 s s 


D. 1.15 x 10 3 s 

Solution 

Power rating, P = 1000W; 


JAMB 1997 


mass of water, m = 0.5kg, L = 2.3 x lO 6 /^-!] 


Pt - mi 


Time taken to boil off water, t = ^ X * IQ 6 

P 1000 


= H50sec or 19.17min 
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Example 31 

All the heal generated by a currcni of 2A passing through a 6 ft resistor for 25s is used to 
evaporate 5g of a liquid at its boiling point. What is the specific latent heat of the liquid? 

WAEC 1989 

Solution 

Current, I = 2 A; mass of liquid, m = 5g = 0.005kg 

resistance, R = 6ft; time, t = 25s; 


i C Rt 2 2 x 6 x 25 

l~Rt = mL •*. specific latent heat of vapourization, L = = 

m 


0.005 


600 

0.005 


= 1.2 x \0 s Jkg~ l or 12QJg ' 1 


The problems treated so far involve only one of these for each question; (a) 
specific heat capacity (b) specific latent heat of vapourization (c) specific latent heat of 
fusion. However, there are many other instances that a combination of two or three of 
the specific heats could be used in solving problems as illustrated by the following 
examples. 


Example 32 

What is the total amount of heat energy required to convert 0.5kg of ice at -15°C into 
steam at 100°C? [Specific heat capacity of ice = 2100 Jkg" 1 K ' 1 , specific heat capacity 
of water = 4200/ kg~ l K~ l , specific latent heat of ice = 336000/fr^ -1 , specific latent 
heat of steam = 2.26 x 10 b ]kg~ l ] 

Solution 

Quantity of heat required to convert ice at -1 5°C to ice at 0°C 
(?! = mcA0 = 0.5 x 2100 x 15 = 1.575 x 1 0 V 
Quantity of heat required to convert ice at 0°C to water at 0°C 
Q 2 = ml = 0.5 x 336000 = 1.68 x 10 5 / 

Quantity of heat required to convert water at 0°C to water at 100°C 
<? 3 = mcAG = 0.5 x 4200 x 100 = 2.10 x 10 5 / 

Quantity of heat required to convert water at 100°C to steam at 100°C 
Qt = mL = 0.5 x 2.26 x 10 6 = 1.13 x 10 6 / 

Total quantity of heat, Q = Q t + Q 2 4- Q 3 + (? 4 
Q = 1.575 x 10 4 + 1.68 x 10 s + 2.10 x 10 5 + 1.13 x 10 6 
= 1.52 x 10 6 J 

Example 33 

0.5kg of water at 10°C is completely converted to ice at 0°C by extracting 188000J of 
heat from it. If the specific heat capacity of water is 4200//c^" lo C" 1 , calculate the 
specific latent heat of fusion of ice. WAEC 1 988 

Solution 

Mass of water, m = 0.5kg; heat extracted, Q = 1 88000J 

Conversion of water at 10°C to ice at 0°C involves two different processes: 

1 Conversion of water at 10°C to water at 0°C. Because there is a change in 
temperature, the specific heat capacity of water is used. 

mcA0 = 0.5 x 4200 x 10 = 2100/ 
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• . rp is NO change of 
Because there i* 

ml = 0.5 x / ew i dunne processes 1 and 

Therefore total heat extracted to form ice is equal to heat ex 


2 Conversion of water at 0 C to ice at 0 C 
temperature, the specific latent heat of ice is used 
ml = 0.5 x / 


2 . 


Q — me ^6 + 
188000 = 21000 + 
188000 - 21000 = 0.5/ 
167000 = 0.51 

167000 


ml 

0.5/ 


334000 Jkg 


Eiaiiipit 34 

A cup containing lOOg of pure water at 20°C is placed in a refrigerator to 

extracts heat at the rate of 840J per minute, calculate the time taken for f 
freeze. [Neglect heat capacity of the material of the cup] [specific heat capacity o 
= 4 2 Jkg~ l K^ 1 ] [specific latent heat of fusion = 3 36 J g 1 ] 

Solution 

Mass of substance, m = 1 OOg; c = 4.2Jg 1 K 1 ; 

/ = 336 Jg" 1 ; temperature change, A0 = 20°C 

Total energy required for freezing, Q = mcA6 4- ml 

Q = 100 x 4.2 x 20 4 336 x 100 = 8400 4- 33600 = 42000 J 

If 840J is extracted in I minutes 


42000J will be extracted in x minutes. 


42000 

840 


= 50min 


Example 35 

A copper calorimeter of mass 30g contains 50g of oil at 20°C. Some dried ice at 0°C is 
added to the oil. If the final steady temperature of the calorimeter and its contents is 0°C, 
calculate the mass of ice added. [Specific heat capacity of copper = 400 Jkg~ l K^ 1 ] 
[Specific heat capacity of oil = 2400 Jkg~ l K' 1 ] [Specific latent heat of fusion of ice = 

336000 Jkg' 1 ] NECO 2002 

Solution 

From the question we deduce the following: 

Mass of calorimeter, m c = 30g = 0.03kg 
Mass of oil, m 0 = 50g = 0.05kg 

Temperature change for calorimeter & oil, A0 = 20 — 0 = 20°C 
Specific heat capacity of calorimeter, c c = 400 ]kg~ l K~ l 
Specific heat capacity of oil, c 0 = 2400 Ikg~ l K~ l 
Latent heat of fusion of ice, i = 336000y^ _1 
Let m be the mass of ice added 

Heat gained by ice = heat lost by calorimeter 4- heat lost by oil 
(™/)ic* — (fn^A^)calorimeter 4* (tTtcA0) o ^ 
ml = m c c c A0 4- m o c o A0 
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m x 336000 = 0.03 x 400 x 20 + 0.05 x 2400 x 20 


336000m = 240 + 2400 
336000m = 2640 
2640 

m = 356005 = 0 °° 786kg ° r7 86B 


Example 36 

How many grams of water at 17°C must be added to 42g of ice at 0°C to melt the ice 
completely? (Specific latent heal of fusion of ice = 3.4 x I0 i jkg~', specific heat 
capacity of water = 4200 Jkg~ l ) A. 200g B. 300g C. 320g D. 400g 

JAMB 1998 

Solution 

Heat absorbed by ice = heat lost by water 
m t l = mcA6 

Mass of ice, m t = 42g = 0.042kg 

Temperature change of water, A0 =17-0 = 17°C 

Latent heat of fusion of ice, / = 3.4 x 10 s /kg~ l 

Specific heat capacity, c = 4200 Jkg~ l K ~ 1 

Let m be the mass of water 

Substituting into m,/ = mcA6 we have, 

0.042 x 3.4 x 10 s = m x 4200 x 17 

0.042 x 3.4 x 10 5 14280 

m = 4200 x 17 = m00 = ° 2ka ° r 20 ° a 


Example 37 

A piece of copper of mass 300g at a temperature of 950°C is quickly transferred to a 
vessel of negligible thermal capacity containing 250g of water at 25°C. If the final steady 
temperature of the mixture is 100°C, calculate the mass of the water that will boil away 
[Specific heat capacity of copper = 4.0 X 10 2 Jkg~ 1 K~ l ] [Specific heat capacity of 

water = 4.2 x 10 ' ]kg~ l K~ l ) [Specific latent heat of vapourization of steam = 2.26 x 
10 6 Jkg' 1 ] WAEC 1990 

Solution 

Heat lost = heat gained 

Heat given out by copper = heat absorbed by changing water at 25°C to water at 100°C + 
heat absorbed by changing water at 100°C to steam at 100°C 
m c c c A6 c = m w c w A6 w + mL 
mass of copper, m c = 300g - 0.3kg 
specific heat capacity of copper, c c = 4.0 X 10 2 Jkg~ l K ~ l 
temperature change of copper, A0 C = 950- 100 = 850°C 
mass of water, m w = 250g = 0.25kg 
Specific heat capacity of water, c^, = 4.2 x 10 3 Jkg 1 K 1 
Temperature change of water, A0 W = 100-25 = 75°C 
Latent heat of vapourization of steam, L = 2.26 x 10 s Jkg' 1 
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Let m be the mass of water that will boil away 


Substituting into m c c c AO c = m w c w A9 w + 

0.3 x 4.0 x 10 2 x 850 = 0.25 x 4.2 x 10 3 x 75 + m x 


2.26 X 10 6 


102000 = 78750+ 2.26 x 10 6 x m 

23250 _ 0 0 io3kg = l°- 3 6 

m 2.26 x 10 6 


Example 38 j 4 ^ Q f water 

What is the difference in the amount of heat given out by 4kg 0 stea ™ c steam = 

when both are cooled from 100°C to 80°C? [Specific aten tyAcr jgg <5 
2,260,000 )kg~ 1 K~ 1 ] [Specific capacity of water = 4200 Jkg ] 

Solution 

Heat given out by steam = mL + me A0 


= 4 x 2,2f>0,000 + 4 x 4200 (100- 80) 
= 9040000 + 336000 = 9376000J 


Heat given out by water = mcA0 

= 4 x 4200 X 20 = 336000J 
Difference in heat given out = 9376000 — 336000 
= 9040000J 


RELATIVE HUMIDITY 

mass of water vapour in a given volume of air(m) 

Relative humidity = 7 — : — - 7 - 7 7 5 x 100% 

J mass of water vapour required to saturate same volume 

of air at the same temperature (M) 
saturation vapour pressure of water at the dew point 
saturation vapour pressure(S. V. P)of water at 
the original air temperature 


- x 100% 


vapour pressure (partial pressure) of the air (V. P) 

S, V. P at the temperature of the air * 100 ° /o 


m V.P 

Relative humidity = — x 100% = „ .. „ x 100% 


5. V.P 


Example 39 

The mass of water vapour in a certain volume of air is 0.20g at 30°C. What is the relative 
humidity of the air if the mass of water vapour required to saturate it at the same 
temperature is 0.35g. 

Solution 

Mass of water vapour, m = 0.20g; 

mass of water vapour required for saturation, M = 0.35g 
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Relative humidity 


m 

= — x 100% 

M 

0.20 

= — — x 100% = 57.14% 

0.35 


Example 40 

The table below shows the saturation vapour pressure against in a particular city. If on a 
certain day, the vapour pressure in this city at 30°C is 22.0mmHg, what is the relative 
humidity? 


rc 

0 

10 

20 

30 

40 

50 

60 

S.V.P(mniHg) 

4.6 

9.2 

17.5 

31.8 

55.1 

92.5 

149.0 


Solution 

Vapour pressure of air at 30°C, V.P = 22.0mmHg 

Saturation vapour pressure of air at 30°C, S.V.P = 3 1 .8mmHg 

D i . . . V P 22.0 

Relative humidity = x 100% = x 100% = 69.2% 

S. V.P 31.8 

Example 41 

On a certain day, the dew point is 10°C when the temperature of the air is 
32°C. Calculate the relative humidity of the air. (S.V.P. of water at 32°C and 10°C are 
1 6.2mm and 9.8mm of mercury respectively). NECO 2008 24 

Solution 

S.V.P. at dew point (10°C) = 9.8mmHg 
S.V.P. at air temperature (32°C) = 1 6.2mmHg 


Relative humidity = 


S. V. P at dew point 
S. V. P at air temperature 


x 100% = 7 ^- x 100% = 60.5% 
1 6.2 


EXERCISES 9. 

1. A tap supplies water at 26°C while another supplies at 82°C. If a man wishes to 

bath with water at 40°C, what is the ratio of the mass of hot water to that of cold water 
required? WAEC 1991 Arts: 1:3 

2. A tap supplies water at 30°C while another supplies water at 86°C. If a man 

wishes to bath with water at 44°C, calculate the ratio of the mass of hot water to that of 
cold water required? WAEC 1994 Ans : 1:3 

3. Two thermos flasks of volume V x and V y are filled with liquid water at an initial 
temperature of 0°C. After some time the temperatures were found to be 0,, 0 y 
respectively. Given V x /V y = 2 and 0 x /6 y = j. What is the ratio of heat flow into the 
flasks. A. \ B. ~ C. 4 D. 1 E. 2 JAMB1985 Ans: 1:1 or 1 

4. A tap supplies water at 25°C while another supplies water at 75°C. If a man 

wishes to bath with water at 40°C, what is ratio of the mass of hot water to that of cold 
water required? A. 1:3 B. 15:8 C. 7:3 D. 3:1 

JAMB 1988 Ans: 7:3 

5. Hot water at a temperature of t is added to twice that amount of water at a 
temperature of 30°C. If the resulting temperature of the mixture is 50°C, calculate t. 

WAEC 1995 Ans: 9(fC 
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6 . 

and the 


. irt°r If they are properly mixed 
400g of cold water is added to 200g of water at 7 , k , mDera ture of the cold 

: temperature of the mixture is 30°C, calculate the ini i 2Q00 Ans: J(fC 
water. [Neglect the heat absorbed by the container] r aturc of 80°C have 

7- Two liquids, P a. a temperature of 20°C and Q a. a tempera <» q( . 

specific heal capacities of I .OJkg ' °C ' and l.5Jkg “C respective y. ^ A 44 » c 

P and Q are mixed in a lagged calorimeter, what is the equilibrium cm S6°C 

B 50°C r n An°r F 70 o C JAMd / *- - 

' lf C 56 C D. 60 C b /u ^ an d die resulting 

8- Hot water is added to three limes its mass of water at 
temperature is 20°C. What is the initial temperature of the hot water 

A. 100°C B 80°C r 50°C D 40°C JAMB 1987 Ans Wi. 

9. 200g of water at 90°C is mixed with 100°C of water at 30°C. ^hat IS t e ma 

temperature? A. 50°C . B. 60°C C. 70°C D. 80°C JAMB 1993 •' 

1 0. What mass of water at 1 00°C should be added to 1 5g of water at 40 ( to ma 

temperature of the mixture 50°C. [Neglect heat losses to the surrounding] 

1 NECO 2006 Ans: 3g 

1 1. Water of mass 1 20g at 50°C is added to 200g of water at 10°C and the mixture is 

well stirred. Calculate the temperature of the mixture. [Neglect heat »«« to 
surrounding] Ans: 25°C WAEC 2002 

12. How much heat is given out when a piece of iron of mass 50g and specific heat 

capacity 460Jkg 'K ' cools from 85°C to 25°C? WAEC 1990 Ans: 1 .38 x 1(TJ 

13. A piece of copper of mass 30g loses 60J of heat energy. If the specific heat 
capacity of copper is 400 Jkg 'K' 1 , calculate the change in temperature of the copper. 

WAEC 1997 Ans: 5K 

14. How much heat is emitted when a body of mass 200g cools from 37°C to 31 C? 

[Specific heat capacity of the body = 0.4 Jg 1 K.’ 1 ] WAEC 1998 Ans: 480J 

15. A piece of metal of mass 50g is cooled from 80°C to 20°C. Calculate the amount 
of heat lost. [Specific heat capacity of the material of metal = 450 Jkg 'K ') 

WAEC 2000 Ans: 1350J 

16. A body of mass, m has a specific heat capacity, s and a heat capacity, C. If the 
temperature of the body changes by 0°C, which of the following equations is correct? 

A. ms0 = me 1 B. ms = c C. ms = s0 D. ms = c0 WAEC 2005 Ans: B 

17. A copper ball of heat capacity 400JK 1 is heated from 20°C to 100°C. Calculate 

the quantity of heat absorbed. NECO 2005 Ans: 3.2 x l(fj or 32KJ 

18. A body of mass 40g loses 80J of heat energy. If the specific heat capacity of the 
body is 4003kg' 1 K’ 1 , calculate the change in temperature of the body. 

NECO 2004 Ans: 5. OK 

19. How much heat is emitted when a body of mass 50g cools from 80°C to 20°C? 

[Specific heat capacity of the body = 460 Jkg 'K ']. NECO 2002 Ans: 1380J 

20. 22000J of heat is required to raise the temperature of 1.5kg of paraffin from 20°C 


to 30°C. Calculate the specific heat capacity of paraffin 
B. 2933 Jkg 1 °C 1 C. 4400 Jkg 1 °C‘ I D. 5866 Jkg 


A. 1466. 7 Jkg' °C 1 


JAMB 1987 Ans: 1466. 7 Jkg' 1 °C‘ I 

21. How much heat is absorbed when a block of copper of mass 0.05kg and specific 

heat capacity 390Jkg' I K' 1 is heated from 20°C to 70°C? A. 3 98 x 10~ l / 

B. 9.75x 10 2 ] C. 3.98 x 10 3 y D. 9.75 x 10 3 y JAMB 1992 Ans ■ 975J 

22. When two objects P and Q are supplied with the same quantity of heat the 
temperature change in P is observed to be twice that in Q. If the masses of P and Q are 
the same, calculate the ratio of the specific heat capacities of Q to P. WAEC 1995 Ans 2 1 

23. When two objects P and Q are supplied with the same quantity of heat, the 
temperature change in P is observed to be twice that in Q. The mass of P is half that of 
Q. What is the ratio of the specific heat capacities of Q to P? WAEC 1986 Ans 11 

24. A mass of liquid at 30°C is mixed with a mass of the same liquid at 70°C and the 

temperature of the mixture is 45°C. Find the ratio of the mass of the cold liquid to the 
mass of the other liquid, A. 3:5 B. 5:3 C. 3:7 D. 7:3 


JAMB 1997 Ans: 5:3 
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25. A piece of copper ball of mass 20g at 200‘C is placed in a copper calorimeter ol 

mass 60g containing 50g of water at 30°C, ignoring heat losses, calculate the final steady 
temperature of the mixture. | Specific heat capacity of water = 4.2Jg K. , Specific heat 
capacity of copper - 0 .4 Jg 1 K 1 ] WAEC 1994 Ans: 35.6'C 

26. An iron rod of mass 2kg and at a temperature of 280 n C is dropped into some 

quantity of water initially at a temperature of 30°C. If the temperature of the mixture is 
70°C, calculate the mass of the water. [Neglect heat losses to the surrounding]. [Specific 
heat capacity of iron = 460Jkg ', specific heat capacity of water = 4200 Specific heat 
capacity of water = 4. 2Jkg l K' 1 ] WAEC 1995 Ans: 1.15kg 

27. A piece of copper block of mass 24g at 230°C is placed in a copper calorimeter of 
mass 60g containing 54g of water at 31°C. Assuming heat losses are negligible, 
calculate the final steady temperature of the mixture. [Specific heat capacity of water = 
4200 Jkg 'k Specific heat capacity of copper = 400 Jkg'K 1 ] WAEC 2001 Ans:38 34°C 

28. A calorimeter of thermal capacity 80J contains 20g of water at 25°C. Water at 

100°C is added so that the final temperature of the set up is 50°C. What is the amount of 
water added? [Heat capacity of water = 4.1 8 Jg' 1 °C 1 ] A. 20g B. 25g 

C 45g D. 50g E. lOOg JAMB 1980 Ans: 20g 

29. 250g of lead at 170°C is dropped into lOOg of water at 0°C. If the final 
temperature is 12°C, w hat is the specific heat capacity of lead? [Specific heat capacity of 
water 4200 Jkg ’ °C 1 ] A. 39.5 Jkg* 1 °C ! B. 50.4 Jkg 1 °C 1 C. 1 27.6 Jkg 1 °CT 1 

D. 154.6 Jkg ' °C 1 E. 173.4 Jkg 1 °C 1 JAMB 1982 Ans: 127.6 Jkg 1 f 

30. Calculate the time taken to heat 2kg of water from 50°C to 100°C in an elc. ic 
kettle taking 5A, from a 210V supply. [Specific heat capacity of water = 4200 Jkg *K 1 J 

WAEC 1994 Ans :400s or 6.67 mins 

31. An immersion heater is rated 120W. How long does it take the heater to raise the 
temperature of 1.2kg of water by 15°C. [Assume heat lost to the surrou d is 
negligible. Specific heat capacity of water = 4200 Jkg 1 K‘ 1 ] 

WAEC 2000 Ans: 10.5 minutes or 630 seconds 

32. How long will it take to heat 3kg of water from 28°C to 88°C in an electric kettle 
taking 6A from a 220V supply? [Specific heat capacity of water = 4180 Jkg l K _1 ] 

WAEC 2006 Ans: 570s or 9 5 min. 

33. How long does it take a 750W heater to raise the temperature of 1kg of water from 

20°C to 50°C. [Specific heat capacity of water = 4200 Jkg 'K '] A. 84s B. 1 12s 

C. 168s D. 280s JAMB 1991 Ans: 168s or 2.8 min 

34. An electric kettle with negligible heat capacity is rated at 2000W. If 2.0kg of 
water is put in it, how' long will it take the temperature of the water to nse from 20°C to 
100°C? [Specific heat capacity of water = 4200 Jkg ! K A. 420s B. 336s 

C. 168s D. 84s JAMB 1995 Ans: 336s or 5.6 min 

35. An immersion heater rated 2.0A, 240V is used to boil water from temperature 
52°C to 100°C. If the mass of water is 2.5kg, determine the time taken to boil the water. 
[Specific heat capacity of water = 4 2 x 10 3 Jkg l K l ] A. 1 .05 x 10 4 s B. 1 .05 x 10 5 s 

C. 1.05 x 10 3 s D. 1.05 x 10 2 s JAMB 2006 Ans: 1050secor 17.5 min 

36. A metal of mass 1 .5kg was heated from 27°C to 47°C in 4 minutes by a boiling 

ring of 75W rating. Calculate the specific heat capacity of the metal. [Neglect heat loses 
to the surrounding] WAEC 1992 Ans: 6.0 x 1 Or Jkg 1 °C l 

37. A 400W immersion heat is used to heat a liquid of mass 0.5kg. If the temperature 

of the liquid increases by 2.5°C in one second, calculate the specific heat capacity of the 
liquid. [Neglect heat losses to the surrounding] WAEC 1996 Ans: 320 Jkg' K 1 

38. Heat is supplied uniformly at the rate of 100W to 1.0 x 10 : kg of a liquid for 20 

sec. If the temperature of the liquid rises by 5°C, then what is the specific heat capacity 
of the liquid? A. 2.0 x 10 2 Jkg ! K 1 B. 2 0 x 10 2 Jkg 1 C. 4 0 x 10 4 Jkg 'K* 1 

D. 4.0 x 10 4 Jkg 1 E. 8.4 x 10 3 Jkg 'K 1 JAMB 1984 Ans: 4.0 x itfjkg ‘K l 

39. A 2000W electric heater is used to heat a metal object of mass 5kg initially at 
10°C. If a temperature nse of 30°C is obtained after lOmin, what is the heat capacity of 
thematenaP A. 6 0 x 10 4 /°C~' B. 4.0 x lOV’C -1 C. 1 2 x 10 4 ;°C _1 
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JAM!] 2003 Ans: 4.0 X l() J C 

//l l r ass5ku. if in 10 minutes 

40. A 50W, electric heater is used to heat a metal bloc o. , ™^ aci!y G f t he metal? 
a temperature nsc of I2°C is achieved, what is the specific nca c ^ 40 q Jk^ 'K 1 


D. 8.0 x 10 *j°c- ] 


A. 500 Jkg 'K' 1 


B. no Jkg K' 


C. 390Jkg 'K 

JAMB 2004 


Ans: 500Jkg K 


temperature of the water 

41. A waterfall is 420m high. Calculate the difference in »• [g^iOm/s 2 , specific 

between the top and bottom of the waterfall Neglect heat MfC 

heat capacity of water = 4.2 x 1 0 3 Jkg 'K 1 ) , , from rest through 

42. A body of specific heal capacity 450Jkg K' falls to I e 8 r ° ^ ^ changc in 

a vertical height of 20m. Assuming conservation of energy, ^ Any 0-44°C 

temperature of the body on striking the ground level [g=10m/s] of the water 

43. Water falls through a height of 50m. Determine the temperature 0 f wa ter is 

at the bottom of the fall. [Neglect energy losses, specific heat capac r , IQ o r 
non ~ , 2 , 1 b WAEC 2005 AnS.U.ll H 


4200Jkg‘ K' , g=10m/s 2 


44. A waterfall is 1260m high. Calculate the difference in temperature — 1 0m/s 2 

between the top and the bottom of the water fall. [Neglect heat oS ^ s g 
specific heat capacity of water = 4.20 x 10 3 Jkg 'K/ 1 ] N ECO 2006 Ans. • “ 

45. How much heat is required to convert 20g of ice at 0 C to water a c s 
temperature? [Specific latent heat of ice = 336Jg 1 ] WAEC 1995 (Ans. 6. x J ) 

46. The latent heat of fusion of ice is 80 cal g‘V How much heat is required to c ange 

lOg of ice at 0°C into water at the same temperature? A. 80 cal B. 10 ca 

C. 8 cal D. 800 cal E. 400 cal JAMB 1978 Ans: 800 cal 

47. The melting point of a solid is given as 80°C. If 1 0 5 J of heat energy is required at 

this temperature to melt lOg of the solid, what is the specific latent heat of fusion of the 
solid? A. 1.00 x 1 0 3 ) kg “ 1 B. 1.25 x lO^kg” 1 C. 1.00 x lO^kg' 1 

D. 8.00 x lO^kg" 1 JAMB 1993 Ans: 1.00 x 10 7 Jkg ‘ 

48. A 90W immersion heater is used to supply energy for 5 minutes. The energy 
supplied is used to completely melt 180g of a solid at its melting point. Neglecting 
energy losses to the surrounding, calculate the specific latent heat of fusion of the solid. 

WAEC 1998 Ans: 150Jg l 

49. A 1012 coil takes 21s to melt lOg of ice at 0°C. Assuming no heat losses, 
determine the current in the coil. [Specific latent heat of fusion of ice = 336Jg*'] 

WAEC 1999 Ans: 4 A 

50. Heat is supplied to a test tube containing lOOg of ice at its melting point. The ice 
melts completely in 1 min. What is the power rating of the source of heat? [Latent heat 


of fusion of ice = 336Jg ] A. 336W 


B. 450W 


51 . 

water. 

52 . 


C. 560W D. 600W 
JAMB 1994 Ans: 560 W 

Calculate the quantity of heat released when lOOg of steam at 100°C condenses to 
[Take the specific latent heat of vapourization of water as 2.3 x 10 6 Jkg' l K‘ l ] 

WAEC 1997 Ans: 2.3 X l(fj 
How much heat is required to convert 50g of water at 100°C to steam at the same 


temperature? [Specific latent heat of vapourization of water = 2260Jg 1 

A ECO 2003 Ans: 1.13 x 1 Or J 

53 . All the heat generated in a 5Q resistor by 2A flowing for 30 seconds is used to 

evaporate 5g of a liquid at its boiling point. What is the correct value of the snecifir 
latent heat of the liquid? A. 120J B. 60Jg“ 1 C 120 Ip” 1 P 

D. 1 500 J E. 1500 Jg _1 8 

JAMB 1979 Ans: 120Jg’ 

54 . A heater marked 50W will evaporate 0.005kg of boiling water in 50 seconds 

What is the specific latent heat of vapourization of water in J/kg? A 5 0 x 10 6 

B. l.OxlO 6 C.2.5X10 6 D. 2.5 x10 s E. 5.0 x 10 s 

JAMB 1982 Ans: 5 x ltf Jkv ' 

55. All the heat generated in a 5D resistor by 2A flowing for 30s is used to evapnra 
5g of a liquid at its boiling point. What is the specific latent heat of vapourization -i i 
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liquid? A I 20 J H.OOJg' 1 </ 1 20 J.q " 1 


1). 1500 J E 1 500 Jj4 1 , 

JAMB 1984 Ans: 120Jg 


56. Steam m 100V. is passed into a container of negligible heat capacity, containing 
20g of ice and lOOg of water at OV, until the ice is completely melted. Determine the 
total mass ol water in the container. | Specific latent heat of steam 2.3 x 10 Jg , 
specific latent heat of ice = 3.4 x 1 0 : .lg l , specific heat capacity of water : 4.2 Jg K | 

WAEC 2005 Ans 122.5g ^ 

57. Calculate the heat required to convert 20g of ice at 0°C to water at 16 ( . 
j Specific latent heat of fusion of ice = 336.lg specific heat capacity of water = 4.2 Jg 

K 1 WAEC 1994 A ns: 8064 J 

58. ^ Calculate the heat energy required to change 0. 1 kg of ice at 0°C to water boiling 

at 100 C (Specific heat capacity of water = 4200 Jkg 'K specific latent heat of fusion 
of ice = 336,000Jkg _l ) WAEC 1999 Ans: 75.600J 

59. The specific heat of a substance in the solid state is Ci ; its specific heat in the 
liquid state is C 2 and its latent heat of fusion is L. If a mass M of the sn^tance is 
changed from the solid state at temperature T, to the liquid state, also at temperature I\ 
the amount of heat required will be: 

A .M(C 1 + C 2 )xT B. ML C. L D. M(Ct + C 2 ) x T + ML 


E. ML 
60. 




x T 


NECO 2000 Ans B 

Calculate the amount of heat required to convert 2kg of ice at -2°C to wa f at 
0°C. [Specific heat capacity of ice = 2090 Jkg* 1 V, specific latent heat of fusion c cc 
= 333Jkg‘ ] A. 666 J B. 8360 J C. 666000 J D. 674360 

JAMB 1987 Ans: 67436QJ 

61- 1kg of copper is transferred quickly from boiling water to a block of ice. 
Calculate the mass of ice melted, neglecting heat loss. [Specific heat capacity of courier = 
400Jkg 'K 1 and latent heat of fusion of ice = 333 x 10'jkg 1 ] A. 60g . j/g 

C. 120g D. 1 33g JAMB 1990 Ans: 120g or 0.12kg 

62. What is the difference in the amount of heat given out by 4kg of steam and 4kg of 

water when both are cooled from 100°C to 80°C. [Specific latent heat of steam = 
2,260,OOOJkg l , specific heat capacity of water is 4200Jkg‘ K. 1 ]. A. 4200 J 

B. 2,260,000 J C. 9,040,000 J D. 9,380,000 J JAMB 1991 Ans: 9. 040. 000 J 

63. Calculate the mass of ice that would melt when 2kg of copper is quickly 
transferred from boiling water to a block of ice without heat loss. [[Specific heat capacity 
of copper = 400 Jkg 'K 1 , latent heat of fusion of ice = 3.3 x 10\Jkg l ) A.-^kg 

B %kg C. kg D. ^ kg JAMB 1999 Ans: % kg or 0.24kg 

64. Calculate the heat energy required to vapourize 50g of water initially at 80°C if 

the specific heat capacity of water is 4.2Jg K 1 [Specific latent heat of vapourization of 
water = 2260Jg '] WAEC 1989 Ans: J17200J 

65. An electric heater immersed in some water raises the temperature of the water 

from 40°C to 100°C in 6 minutes. After another 25 minutes, it is noticed that half the 
water has boiled away. Neglecting heat losses to surrounding, calculate the specific latent 
heat of vapourization of water. WAEC 2000 Ans: 2.1 x 10 6 Jkg 1 

66. Calculate the energy required to vapourize 50g of water initially at 80°C. 

[Specific heat capacity of water = 4.200Jg K' , specific latent heat of vapourization of 
water = 2260Jg *] WAEC 2002 Ans: 1 17.200J 

67. The mass of water vapour in a given volume of air is 0.05g at 20°C, while the 

mass of water vapour required to saturate it at the same temperature is 0.1 5g. Calculate 
the relative humidity of the air. WAEC 2000 Ans: 33.33% 

68. The table below shows the saturation vapour pressure against temperature in a 
certain town. If the vapour pressure in this town at 20°C is lOmmHg. what is the relative 
humidity? 


T°C 

0 

5 

10 

15 

20 

40 

60 

S.V.P(mmHg) 

4.58 

6.51 

8.94 

12.67 

17.50 

55.10 

149.00 


57.0% 
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( ,’ g ' A IhhIv III nuns .lOOp ;iml s|xvilic liottl iii|>milv [V, '''n(P l»\ 4SHt 

1 ' l ' a,c " ,i,h * ilu* quiuiiiiy of lu*al ivlo.is.-d l\v iIh-I.o.Iv ; * . Mv iiniislmod 

7<) * A piece ol coppci ol mass JdOg at a tcmperuluii *»l f> ..j H ,| u . | ||ln ) 

ittto a vessel o! negligible thermal eapaeily loulmmng 3Mlg nl vvn,ri 11 .| |n | W( jj | )4M | 

steady temperature of the mixtuiv is lOlfl . eaU ulale the muss ol wn 1 1 
away. |S|kvitic heal capacity ol eoppei *1.0x10 Jkg'K | ■ isul iiiii 

I Spec, lio h.\it cpacily of wtiicr 4 2\ !()' .Ikp 'K '|. |S|HviIio IiMomI Iton " ' 

ol* steam 2.2(>x Ilf Jkg 1 1 II AIX 1 200/ , -Ins 0 .010. *S 7ftk\\ ,,f 

71- 2kg ol water is heated with a healing eoil which draws V5A lo»m a * 0()V 
lor two minutes. What is the increase in temperature ol I he watei ! 

a. 10V b. 1 5°c' r. 2.vv n .ore , , . ///7 . 

I Specific heat capacity ol wa let 4200 Jkg 1 k 1 1 JAMU ' ns 

tl.. . ... -.^k- i 7S“{ irspecHvely 

I water Irom lap 


Iit.u Vdliiiuiy Ul \\ a (VI MJ'W.II \y, IX I 

72. 1 he temperatures ol* water from lap A and tap M are 2^ ( 

Ifa n o^uie ol* water at 40V is reunited, calculate the inlioot the mass o! water irom la| 
A to that from Inn B NIX <> 2007 Ans 7 


, jV‘( to its boiling 


A to that from tap B. 

73. A 420W electric healer is used to heal water of mass 50kg lion 

point. How long, in hours, does the electric heater work? (Specific heal capacity of 
water = 4,2xl()' Jkg ! C 1 1 NIX ’<) 2007 Ans lO.-lhr 

74. A well lagged copper calorimeter of mass I 20g contains 70g ol water and 1 Og ol 
ice both at CfC. Dry steam at 10()°C is passed in until the temperature ol llic inixtuie is 
40 C . C aleulate the mass of the slcam condensed. 

[Specific latent heat of fusion of iec 3.2 x MV Jg 1 ( 

[Specific Intent heal of vapori/alion ol steam 2.2 x 10* Jg 1 1 
[Specific heat capacity of copper 4.0 x 10 1 Jg 'K '| 

[Specific heat eapaeily of water 4.2 Jg ] K 1 1 NIX () 2007 1 ' 1 ' Ans 7.5(>x 

75. Water ol mass 1.5kg is heated from 30X to SOX using an eleelric keltic which is 


rated 5A. 230V. Calculate the time taken to reach the linn l temperature. (Specific heat 
capacity of water = 4200 Jg 'k ') WAIX ’ 200N i Ans: 4. 57 mm 

76. A block ofuluminium is heated electrical ly by a 25 W heater. If the temperature rises 

by 10°C in 5 minutes, the heat capacity ol the aluminium is A S50 |K 1 B. 750 |l< 1 
C. 650JK- 1 D. 500 JK“ J JAMH 200K : Ans 750 JK 1 

77. If the partial pressure of water vapour at 27°C is INmmllg and the saturated vapour 

pressure of the atmosphere at the same temperature is 24 mm I Ig, the relative humidity at 
this temperature is A. 25% B. 33% C. 75% 1) 82% 

JAMIi2(m u Ans: 75% 

78. An electric heater rated 220 V, ] 000W is immersed into a bucket full of water. 
Calculate the mass of water if the temperature changes Irom 3(J n C to 100T. and the 
current flows for 300 seconds. 

A. 4.28kg B. 42.86kg C. 1.02kg I). 7.14kg 

(specific heat capacity of water = 4200Jkg ! K ) JAM II 200 ( J :, Ans: ( ’ 

79. A heating coil rated 1000W is used to boil off completely 2kg of boiling water. 

The time required to boil off the water is A. 1 .15 x 1 0 4 s 

B. 1.15 x 10 3 s C. 4.6 x 10 4 s I). 1.15 x 10 4 s (Specific latent heut ol 

vapourization of water = 2.3 x 10 6 Jkg _1 ) JAMU 200'/ 1 Ans: I) 

80. It takes 4 minutes to boil a quantity of water using un clectricul liculing coil. I low 
long will it take to boil the same quantity of water using the sume heating coil if the 
current is doubled? [Neglecl any external heat losses] 


WAEC 2009 1 " Ans: 2 mins. 

81. An immersion heater is rated 1 500W. How long docs it luke to raise the 

temperature of 1kg of water by 30°C? (Assume heat lost to the surrounding is negligible, 
specific heat capacity of wutcr = 4200Jkg 'k ') NE('() 200 { ) u Ans H4. s 

82. Calculate the heat energy lost when lOg of boiling water changes to ice ai ()"< 
[Specific latent heal of ice = 336Jg \ specific heat capacity of water 4.2,lg 1 K 1 1 

NIX O 2000 J Ans: 75()l).l 
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GAS LAWS 

Gases are described by three basic properties; volume, temperature and pressure. Hie 
pressure ol a gas is the force the gas exerts perpendicularly per unit area. That is 

Pressure = ^ orcc _ ITIassx acceleration due to gravity 
^ rca Area 

density x volumex g , mass a 

. I Density = — ; I 

Area [ volume ) 

_ density X Area X height X g (Volume = Arcax height) 

Area 

Pressure = density x height x g 

P — phg is known as the pressure formula. 

Pressure is measured in N/m 2 

1.013 x 10 N/m 2 = 1 atmosphere = 1.013 x 10 5 Pa = 760mmHg 

GAS PRESSURE MEASUREMENT 

The pressure of a gas is measured using a manometer which could be a water or 
mercury manometer as shown below. 


Atmospheric Pressure (P) 



The gas pressure (p) at X = pressure in the liquid at Z 

= Atmospheric pressure + pressure due to water column YZ 

Gas pressure, p = P + h 
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Atmospheric pressure (P) acting at N - pressure in the liquid at .1 

= pressure of gas(p) + pressure due to mercury co,jrni 

P = p + h 


Therefore, pressure of gas, p = P - h 

Example 1 



The water manometer shown above is measuring the pressure of the gas supply. If the 
specific gravity of mercury is 13.6 and the atmospheric pressure is 70cm of mercury, 
what is the total pressure of the gas supply in cm of water. 

A. 67cm B. 73cm C. 949cm D. 952cm E.955 cm JAMB 1982 

Solution 

Specific gravity is the same as relative density. 

^ , , densi ty of substance (Hg) 

Relativedensity = 

densityof water 

Therefore, density of mercury = Relative density of Hg x density' of water 

= 13.6 x 1000 
= 1 3600kgm 3 

The equivalent of the atmospheric pressure (70cmHg) in cm of water is calculated by 
equating pressure formular for water and mercury as follows. 

(phg) water — (phg)mercury 

density of water x height of water x g = density of Hg x height of Hg x g 

1000 x h x 10 = 13600 x 70 x 10 

. _ 13600x70x10 952000 

n — = 95 ''cm 

1000x10 1000 

The atmospheric pressure, P = 952cm of water 
Total gas pressure, = Atmospheric pressure (P) + pressure due to 3cm of water 
= 952+3 
= 955cm of water 
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Example 2 

diagram above? ^ rCSSUrc ' s ^GOmniHg, what is 1 he pressure of the gas supply in the 



Gas supply 


Fig 10.4 
Solution 



Gas supply 


h = difference in levels of mercury in the two arms of the manometer 
(15-4.5 = 10.5cm) 

10.5cm = 105mm 

Gas pressure = Atmospheric pressure 4 pressure due to 105mm of mercury 
P = p + h 

= 760 4 105 865mmllg 


HOYLE'S LAW 

Boyle’s luw states that the volume (V) of a fixed mass of gas is inversely proportional to 
its pressure (P), provided the temperature remains eonslant. 

1 - v/=J i or PV = K 


m V ci 


V = — 

P 
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r,v, 


r,Vi 


K\:i niplc* 3 

A fixed mass of gas at a pressure id 650mmllg occupies tanl ’ 1 

he llie volume ol ilie gas at 760mmllg if the temperature remains 

Solution 

Initial gas pressure, P| h.SOnirnl ig 
Final gas pressure, IN 760nimllg 

- P <Yl 

ItoiiiPiVi = INV>, final gas volume, V 2 - — " 


; s a volume ol 30cm 
; remains constant 

Initial gas volume, V 


- 30cm 


Vl = 


650mmHg x 30cm_ _ 25.66cm 3 

760irimHg 


Example 4 r . 

A gas at a volume V 0 in a container at pressure P„ is compressed to one 
volume. What will be its pressure if it maintains its original temperature I . 


A. 'X ». jl* 0 C. P. 

Solution 

Initial gas pressure, P| = P 0 
Initial gas volume, V i = V 0 
f inal gas volume, V; = '/< ;V 0 

FromP|V| = P 2 V 2 , final gas pressure, 


D. 5P, 


JAMB 1999 


P = 


P = 


p.v, 

v, 

P V 


- P V + -V =P V x = 5P n 

OO^O OP yj 


Application of Boyle's Law to Gas Trapped 
in a Cylindrical Tube by a Column of Mercury 

When a tube of uniform cross-section closed at one end contains a fixed mass of gas or 
air which is sealed by a column of mercury of length Acm, the pressure exerted on the gas 
depends on the plane of inclination of the tube, as shown below. 

(a) Vertically, with closed end at the bottom. 


Atmospheric pressure, P 



1 



X cm 

i 



y, cm 





uas 


Fig 10.6 

The pressure, p, of the gas is due to the sum of pressures exerted by Acm column of 
mercury and the atmospheric pressure, P. 

Therefore, p = P + X (cm Hg) 


(b) Inverted, with open end underneath 

The gas pressure, p is due to the difference of the atmospheric pressure (P) and the 
pressure exerted by the X cm column of mercury. 

Therefore, p = P - -X (cm Hg) 
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Atmospheric pressure. P 


Fig 10.7 

(c) Horizontally 



The gas pressure, p is due ONLY to the atmospheric pressure P, because when the tube is 
in the horizontal position, the column of mercury exert very negligible pressuu the 
gas. 

Therefore, p = P (cm llg) 


Generally, the gas volume = length of column of gas(y) * cross sectional area (A) of the 
rube. 

Therefore, the gas volumes for figures a, b and c are v,A, yA and VjA cm 1 respectively. 
However, because the cross sectional area of the tube is uniform and the same in each 
case, the volume of the gas is taken as the length of the column of gas. That is, volume V 
is proportional to length y. 

So, the volume of gas in Fig 10.6 is y,cnr 

The volume of gas in Fig 10.7 isy.-cnv 1 

The volume of gas in Fig 10.8 is y.cnr 

Boyle's law (PjVj = PjVJ cart be applied in deriving a relationship between Jig 10.6 
and fig 10.7 as follows 
P 


V; cn 

X cm 

X cm 

V/ cm 

Fig 10,9 P 

(a"! Vertical ^ Inverted 

From Fig. 10.9a. Initial or verticul pressure, P, - P + A 
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Initial or vcrticul volume, V, = y,A 
From Fig. 10.9h, Final or inverted pressure, P 2 = P - A 
Final or inverted volume. V 2 = .VjA 
Substituting into Boyle’s Law, P,V, = P : V 2 we have 
(P + A )y,A = (P-A>;A 
divide through by A to obtain 

= (P -X)y, 

Boyle's law can also be applied in obtaining a relationship befiveen Fig . 10.6 and Fig. 

10.8 


P 



Fig 10.10 a. Vertical b. Horizontal 

From Fig 1 0. 1 0a, Initial or vertical pressure, P, = P + X 
Initial or vertical volume, V, = y, A 
From Fig 1 0. 1 Ob, Final or horizontal pressure, P 3 = P 
Final or horizontal volume, V, -y s A 
Applying Boyle's Law, P,V, = P 3 V, we obtain 
(P + X)y,A = PyjA 
Dividing both sides by A, we have 
(P + X)y, = P y, 

Similarly , Boyle's law can be applied for Fig. 10.7 and Fig. 10.8 as shown below. 



From Fig 1 0. 1 1 a, Initial or inverted pressure, P, = P -I 
Initial or inverted volume, \ : -y 2 A 
From Fig 10.1 lb. Final or horizontal pressure, Pj = P 
Final or horizontal volume, V, = y,A 


229 



Applying Boyle’s Law, P.V., = PjVj we obtain 
(?-X)y : A = Py,A 
Dividing both sides by A, we have 
(P X)y 2 = P y, 

Please note that the length of gas column or column of mercury could be in units other 
than centimeter (cm). 

Finally , Boyle's law can be applied to derive a general equation connecting Fig 10 
10. 7 and 10.0. 


P 



P 

Fig 10.12 2 l Vertical . b. Inverted c. Horizontal 

From Boyle’s Law, P|V) = P 2 V 2 = P 3 V 3 we obtain for the three diagram above, 

(P + X)y,A =(P-X)y.A = ?y 3 A 
Divide through by A to obtain 
(P + JV)y, = (P -X)y 2 = P y. 

Example 5 

A uniform capillary tube, closed at one end contained dry air trapped by a thread of 
mercury 8.5 x 10'^m long. When the tube was held horizontally, the length of the air 
column was 5.0 x 10 2 m, when it was held vertically with the closed end downwards, the 
length was 4.5 x 10' m. Determine the value of the atmospheric pressure. [g=10m/s' 2 , 
density of mercury = 1 .36 x 1 0 4 kgm' 3 ]. WAEC 2004 

Solution 



a. Horizontal b. Vertical 


Fig 10.13 

At horizontal position, gas pressure is due only to atmospheric pressure, P 
From Fig 10.13 a. above, horizontal gas pressure, P, = P 

Horizontal gas volume, V, = 0.05A 
Where A is cross sectional area. 
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At vertical position, gas pressure is due to atmospheric press V* 

mercury column. 

From Fig 10.13 b. above, vertical gas pressure, P 2 = P + 0 085 

vertical gas volume, V 2 = 0.04 5 A 

Substituting into Boyle’s law. P,V, = P : V 2 we obtain 

P x 0.05A = (P + 0.085) x 0.045A 

Divide both sides by A 

P x 0.05 = (P + 0.085) x 0.045 

0.05P = 0.045P + 0.003825 

0.05P - 0.045P = 0.003825 

0.005P = 0.003825 

« 0.003825 „ 

P = = 0.765mHg 

0.005 

The atmospheric pressure (0.765mHg) so obtained is in length of mercury and has to be 
converted to N/m" or Pa using the pressure formula, P = pgh 

Given values: density of mercury, p = 1.36 x 10 kgm' ; g = lOm/s" 

Calculated value: height of mercury, h = 0.765mHg 

Atmospheric pressure, P = pgh 

= 1.36 x 10 4 x 10 x 0.765 

= 104040Nm' : or 1.04 x 10 5 Pa 


Example 6 

A thread of mercury of length 12cm is used to trap some air in a capillary tube with 
uniform cross-sectional area and closed at one end. With the tube vertical and the closed 
end at the bottom, the length of the trapped air is 25cm. Calculate the length of the air 
column when the tube is held 

(a) horizontally 

(b) vertically with the closed end of the top. 

(Atmospheric pressure = 76cm of mercury) 

Solution 



Fig 10.14 (') (ii) • (iii) 

Let P be atmospheric pressure 
Let volume be proportional to length. 

(a) From Fig I0.14(i) above, vertical air pressure, P, = 76 + 12 = 88 eniHg 
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Vertical air volume, V, = 25cm 

From Fig 10. 14 (ii) above. Horizontal air pressure, P 2 = 76 cmHg 
Horizontal air volume, V 2 = ? 

Applying Boyle’s Law, P,V, = P ? V 2 and substituting above values, we have 
88 x 25 = 76 x V 2 


/. V 


2 


88x25 

76 


28.95cm 


(b) Considering Fig 10.14 (i) and (rii) above, we have 

Vertical air pressure, P, = 88cmHg Vertical air volume, V, = 25cm 

Inverted air pressure, Pj = 76 - 12 = 64cm Inverted air volume, V, = ? 
Applying Boyle’s Law, P,V, = P,V, we obtain 
88 x 25 = 64 x V, 


V 


3 


88x25 

64 


= 34.38cm 


Example 7 

An air column 10cm in length is trapped into the sealed end of a capillary tube by a 15cm 
column of mercury with the tube held vertically as shown below. On inverting the tube, 
the air column becomes 1 5cm long. What is the atmospheric pressure during the 
experiment? A. 90cm B. 76cm C. 75cm D. 60cm E. 50cm JAMB 1979 



Fig 10.15 
Solution 


Fig 10.16 



(i) Vertical 



Let P be the atmospheric pressure 


From (i) 


Vertical air pressure, P, - (P + 1 5)cm 
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Vertical air volume, V| = 10cm 
Assuming volume is proportional to length. 
From (ii) above, inverted air pressure, P 2 — (P — 1 5)cm 
Inverted air volume, V 2 = 15cm 
Applying Boyle’s Law, P,V, = P 2 V 2 we obtain 
(P+ 15) x 10 = (P- 15) x 15 
10P+ 150 = I5P-225 
15P - 10P = 225 + 150 


5P = 375 
P = = 75cniHg 


Application of Boyle’s Law to Air Bubbles in a Water Body 

An air bubble at the bottom of a body of water (swimming pool, dam, drum of 
water or sea) is under the influence of two pressures. 

(i) Atmospheric pressure, P 

(ii) Pressure due to height of water, H 


Atmospheric pressure, P 



atmospheric pressure ONLY. 

The equivalent of atmospheric pressure (760mmHg = 76cmHg = 0.76mHg) in height of 
water (H) is obtained by equating the pressure formular for water and mercury. 

(phg) water ” (Phg)"*rcury 

i.e, density of mercury x height of mercury x g = density of water x height of water x g 


Let height of water, h - H 


13600 x 0.76 x 10 = 1000 x H x 10 
13600x0,76x10 
1000x10 


10.34m 


One atmosphere of pressure therefore supports a height of about 10m of water. 

The pressure, Pi of the air bubble at the bottom is P| = P + H or P, — 10 + H 
The pressure, P 2 of the air bubble just below the surface is P 2 = P 

Boyle’s law can be applied to air bubble rising from the bottom to top of a water b. as 
follows: 
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From P,V, = P 2 V 2 we obtain 
(P + H)V, = PV, 

( 10 + H)V, = PV 2 

Where P = atmospheric pressure in height of water (10m) 
H = depth or height of water body 
V, = volume of air bubble at the bottom of water 
V 2 = volume of air bubble just below water surface 


Example 8 

An air bubble of volume 6cm 1 rises from the bottom to the top of a swimming pool which 
is 15m deep. What will be the volume of the air bubble just below the pool’s surface, if 
the atmospheric pressure is equivalent to 10m of water? 

Solution 


P= lOmH.O 



Surface 

Swimming pool 


Bottom 


At the bottom: P, = P + H = 10+15 = 25mH 2 0 
V, = 6cm 3 

At the top: P 2 = P = lOrrd-LO 

V 2 = ? 

Applying Boyle’s Law, P,V, = P 2 V 2 we have 

25mH 2 0 x 6cm 3 = IOmFLO x V 2 

25 mH,Ox6cnS 150 3 

V - - = = 1 5 cm 

2 10 mH 2 0 10 

Example 9 

The volume of air bubble changed from 3cm 3 to 12cm 3 when it nse from the bottom to 
the top of a hydroelectric power dam. Calculate the depth of water in the dam if the 
atmospheric pressure is equivalent to 10m of water. 

Solution 


P =10 mH 2 0 


H 


Fig 10.19 

At the bottom: P i = P + H = 10 + H 
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V, = 3cm 3 

At the top: P 2 = P = 10mH 2 O 

V 2 = 12cm 3 

Applying Boyle’s Law, P|Vj =■ P2V2 we have 
(10 + H) x 3 = 10 x 12 

30 + 3H = 120 
3H = 120 - 30 
3H = 90 
90 

H = — = 30m 
3 

CHARLES LAW 

Charles’s law states that the volume of a given mass of gas at a constant pressure is 
directly proportional to its absolute temperature. 

V 

That is, V a T or — = constant 
T 

Y V, 

Therefore, — = — 

X X 

Where V! and T, are initial volume and temperature, while V 2 and T 2 are final volume and 
temperature of the gas, respectively. 

Always convert temperature in °C to K when using Charles ’s law by adding 273 . 


Example 10 

The volume of a given mass of gas is 40cm 3 at 27°C. What is its volume at 90°C if its 
pressure remains constant? NECO 2003 

Solution 

Initial gas volume, V| = 40cm 3 

Initial gas temperature, Tj = 27°C = (27 + 273) - 300K 

Final gas temperature, T 2 = 90°C = (90 + 273) = 363K 

^ V i V 2 r 1 , \ 1 VJ\ 40x363 2 

From — - - — , final gas volume, V,= ~ = 48.40cm 

T T T, 300 


Example 11 

Dry oxygen is trapped by a pellet of mercury in a uniform capillary tube which is scaled 
at one end. The length of the column of oxygen at 27°C is 50cm. If the pressure uf the 
oxygen is constant, at what temperature will the length be 60cm. WAEC 1 99, V 

Solution 

The volume of the gas (oxygen) is assumed to be proportional to the length of the column 
of gas, i.e. V a / 

Initial gas volume, V, = 50cm 

Initial gas temperature, T, = 27°C = (27 + 273) = 300K 

Final gas volume, V 2 = 60cm 
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v, V, _ , T I, V 300x60 

rrom — = — , final uas temperature, J , = = 

T, T 2 2 V, 50 


360K or 87°C 


Example 12 

A fixed mass of gas of volume 600cm 3 at a temperature of 27°C is cooled at constant 
pressure to a temperature of 0°C. What is the change in volume? WAEC 1991 

Solution 

Initial gas volume, V, = 600cm 3 

initial gas temperature, T, = 27°C = (27 + 273) = 300K 

Final gas temperature, T 2 = 0°C = (0 + 273) = 273K 


From 



final gas volume. 



600x273 

300 

= 546cm 3 


Change in volume = volume at 27°C - volume at 0°C 


i.e. AV = V,-V 2 = 600 - 546 = 54cm 3 


Example 13 

A gas occupies a certain volume at 27°C. At what temperature will its volume be doubled 
assuming that its pressure remains constant? NECO 2000 

Solution 

Initial gas temperature, T, = 27°C = (27 + 273) = 300K Initial gas volume, V, = V 
Final gas volume, V 2 = 2 V ( its volume be doubled ) 

V V 

Substitute above values into — = — to obtain 

T, T 2 

V 2V _ 300 x2V ... . 

= T = = 300x2 = 600K or 327 C 

300 T 2 V 


Example 14 

At what value of x, y and z is the equation, P*V y T z = constant, a statement of 
(i) Charles’s law (ii) Boyle’s law (iii) Pressure law (iv) General gas law 

Solution 

The following laws of indices can be applied to a problem of this kind, 
a. I / X = x' 1 b. x = x' c. x° = 1 

V 

(i) Charles’s law; y= constant 

V V 1 . 

_ = _ = V'T 

T T' 

v 

P*V>T‘ becomes P°V'T ' or lxV'r' = — 

Therefore, for x = 0, y = 1 and z = -1 , P x V y T 2 = constant is Charles’s law. 

(Any term P, V or T which is not present in the equation is assigned a superscript of zero, 
hence P°). 


(ii) Boyle’s law: PV = constant 

pv = P'v 1 

. p*V>T 2 becomes P'V'T° or P'V'xl = PV 
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Therefore, for x = 1 , y = 1 and z = 0, P ' V r l / - constant is Moyle s law. 


(m) Pressure law: — = constant 
T 

P P 1 

— = — - = P l T 1 

T T 

. . P'V-T Z becomes P‘V°T 1 


P'xlxT 1 


Therefore, for x=l, y=0 and z= -1 , P x V y T z = constant is Pressure law. 
PV 

(iv) General gas law: — = constant 
T 


PV P l V' 


= P‘V l T 1 


T T 1 
P x V y T z becomes P V'T 1 = 


PV 


Therefore for x = 1, y = 1 and z = -1, P'V y T z W constant is general gas lav 


PRESSURE LAW 

Pressure law states that the pressure of a fixed mass of gas at constant volume is 
proportional to the absolute temperature of the gas. 
p 

That is, P a T or — = constant 
T 

P P 

Therefore, ^ ^ 

T, L 

Where P, and T, are initial gas pressure and temperature, while P and T 2 are final gas 
pressure and temperature, respectively. 

Always convert temperature in degree Celsius (°C) to Kelvin (K) when applying pressure 
law. 


Example 15 

Before starting a journey, the tyre pressure of a car was 3 x l0 5 Nm'“ at 27 "C. At the end 
of the journey, the pressure rose to 4 x 10 5 Nm 2 . Calculate the temperature of the tyre 
after the journey assuming the volume is constant. 

A. 400°C B. 300°C C. 273°C D. 127°C JAMB M7 

Solution 

Initial gas pressure, P, = 3 x lO^Nm " 

Initial gas temperature, - 2TC - (27 + 273) = 300K 
Final gas pressure, P : = 4 x lO^Nm 


From 


il = P L 

’ T, T, 


final temperature. T, 


Mi 

p. 


T,= 


4xl0'x300 

3x10' 


= 400K 


or (400-273)°C = l27°C 


Example 16 

A gas at pressure P Nm' J and temperature 27°C is heated to 77V at constant volume 
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What is the new pressure? A. O.XSI'Nm ’ H 0 XM’Nm : C U6l'Nm' : 

I). I.ISPNm I-:. 2.S5l>Nm’ JAMB IV 78 

Solution 

Initial pressure, P, = p Nm 7 

Initial gas temperature, T, = 27"C (27 t 277) 700K. 

Pinal gas temperature, 1 . = 77°C ; (77 t- 27?) — ?5()K 

p p 

I roin -Tr=7f< Imal pressure. P,= IlIL = -1161’ Nm 2 

'' '» I. 300 


Example 17 

A closed incxpansiblc vessel contains air saturated with water vapour at 77 °C. The total 
piessure in the vessel is 1007 mmllg. Calculate the new pressure in the vessel it he 
temperature is reduced to 27°C . (The S.V.l\ ofwater at 77 °C and 27°C respectively are 
3 14mmHg and 27mmflg. Treat the air in the vessel as an ideal gas). \VAnC200X 1 

Solution 

Based on the law ol partial pressures, the pressure of air alone in the vessel is equal to the 
difference between the total pressure in the vessel and the S.V.I*. ofwater at the same 
temperature. 

. initial air pressure, P,= 1007 - 314 = 693mmllg 
Final air pressure, 1* ; = 7 

Initial temperature, T, = 77 V = 77 f 273 = 350K 
Final temperature, T,= 27 °C 7 27 +273 350K 

Because the vessel is incxpansiblc. its volume does not change, therefore pressure . 
can be applied. 

p p 

Substitute into — = — 1 to obtain 

/; r 2 

693 _ i\ 

350 300 

693x300 _ ni 
p - = 594 ntm //g 

350 

I he pressure in the vessel at 27 "(' is equal to the sum ol the pressure of air anil Ihe S.V.I'. 
of water at 27 

Vessel pressure at 27 V = air pressure I S.V.I’. ol water at 27 C 
= 594 mmllg 1 27 mull Ig 
621 mmllg 

Cl NI KAL <;as law 

A coml.mal.on of Hoyle's. < harles's ami Pressure laws results in the general gas law for 


ideal gas 


rv 

1 hal IS, 

constant 

l\ v . 

P 2 V . 

1 he re I ore. 

T 
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Example 18 3 r 

The \olume and pressure of a given mass of gas at 27°C are 76cm and 80c^m ^ (^2000 ^ 
respectively. Calculate its volume at s.t.p. 

Solution , 

0°C (273K) and 760mmHg (1.013 x 10 s Nm ; ) arc called standard temperature an 
pressure, usually abbreviated, s.t.p. 

Initial gas \olume, V, = 76cm 3 Initial gas pressure, P, = 80cmHg 

Final gas volume, V : = ? Initial gas temperature, T, = 27°C = (27 + 273) - 30 

Final gas temperature, T : = 273K Final gas pressure, P 2 = 760mmHg - 76cm g 


Substituting above values into the ideal gas equation 




we have. 


80cmHgx76cm 3 _ 76cmHgxV, 
300K 273K 


y _ 80cmHg x 76cm3 x273K 
2 76cmHg x 300K 


72.8cm 5 


Example 19 

A given mass of an ideal gas occupies a volume V at a temperature T and under a 
pressure P. If the pressure is increased to 2P and the temperature reduced to ViT, then 
what is the percentage change in the volume of the gas 9 

A 0% B. 25% C. 75% D. 300% E. 400% JAMB 1984 

Solution 

Initial gas temperature, T, = T 
Final gas temperature, T ; = ViY = 0.5T 
Final gas volume, V 2 = ? 


Initial gas volume, V, = V 
Initial gas pressure, P, = P 
Final gas pressure, P : = 2P 


Substituting into 


P,V, 

P,V, 

T, 

t/ 

Px V 

2PxV 2 

T 

0.5T 


we obtain 


V,= 


Px Vx0.5T _ V x05 0.5V 

2Px T 2 2 


V -V, 

Percentage change in volume = — — - 


= 0.25 V 


x 100 


V -0.25 V 


V 

0.75V 


x 100 


x 100 =0.75x100 = 75% 


Example 20 

The pressure of a given mass of a gas changes from 300 Nm 2 to 120Nm 2 while the 
temperature drops from 127°C to -73°C. What is the ratio of the final volume to the 
initial volume? A. 2:5 B. 5:4 C. 5:2 D. 4:5 JAMB 2001 

Solution 

Initial gas volume, P, = 300Nm “ Initial gas volume, V, = V, 

Initial gas temperature, T, = 127°C = (127 + 273) = 400K 

Final gas pressure, P ; = 120Nm ' Final gas volume, V : = V ? 
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Final gas temperature, T, - 

-73°C = (-73 + 273) = 200K 

PV 

Substitute into L ^ 

P,V, 

T* 

T, 

300 xV, 

120V, 

400 

20(T 


Rearranging, we have — 0 x _ Xl 

400x120 V, 

60000 _ V, 

48000 ~ V, 

60 

48 ~ V, 

Divide both numerator and denominator by 12 

5 = V_ 2 

4 = \ 

The ratio of final volume (V : ) to the initial volume (V,), V 2 : V, = 5:4 


WORK DONE BY AN EXPANDING GAS AT 


CONSTANT PRESSURE 

Work done = Force x distance (length) ie. W = Fx/ ‘ l ) 

_ Force _ F 

Pressure = i.e. P = — (2) 

Area A 

. Force = Pressure x Area i.e. F = PA (3) 


Substitute equation (3) into equation (1) 

If F = PA 

Then W = F x / becomes 

W = PA/ (4) 

Volume = Area x length i.e. V = A/ (5) 

Substitute equation (5) into equation (4) 

If V= A / 

Then W = PA/ becomes 

W = PV (6) 


When a gas expands the volume (V) changes. 

Therefore work done by expanding gas = Pressure x Change in volume. 

Equation (6) becomes, W = PAV or W= P(V 2 -V,) 

Where W = work done by expanding gas in Joules (J) 

AV = (V 2 - V,) = change in volume 
V 2 = final volume after expansion 
V, = initial volume before expansion 
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Example 21 . , ... . 

The volume of a fixed mass of gas increased from 0.04m to 0.32m w J c 
remains constant al 1 .5 x ] 0 s Nm 2 . I low much work was done by the gas . 
Solution 3 

Initial volume, V i = 0.04m 3 l inal volume, V 2 = 0.32m 

Constant pressure, P = 1.5 x 10*Nm'“ 

Work done = constant pressure x change in volume 

W = P(V 2 -V.) 

W = 1.5 x 10 5 (0.32 -0.04) 

W = 1.5 x 10 s x 0.28 = 4.2 x 10 4 Joule 


Example 22 4 

The work done by a gas when it expand to eight times its initial volume of 0.5 x 10 m 
is 35.5 J, At what constant pressure did the expansion occur? 

Solution 

Work done, W = 35. 5J Initial volume, V] = 0.5 x 10 4 m' 

Final volume, V 2 = 8 x (0.5 x 10^) = 4 x lO^m 3 
From W = P(V 2 - V,) 

„ 4 n W 35.5 

Constant pressure, P = = 

V 2 -V, 4x10 -0.5x10" 

= 35 5 = 1 ,014x lO’Mw 3 

0.00035 


CUBIC AND PRESSURE EXPANSIVITY OF A CAS 

Cubic Expansivity of a gas at constant pressure is the fraction of its volume at 0°C 
by which the volume of a given mass of gas expands per Kelvin change in temperature. 


. . change in volume from 0 C 

Cubic expansivity, y= — — : 

volumcat Or exchange in temperature 


i.e. y = 


Vn-V, 

V.xO 


Where y = cubic or volume expansivity of gas measured in 0 U C 1 or K 1 
V 0 = volume of gas at 0°C 
V 0 = volume of gas at 0°C 
0 = change in temperature of gas 


Because the length of a gas column in a tube of uniform cross-sectional area can be tak. n 
as being proportional to its volume (i.e. V a / ). cubic expansivity can also be wri’tvn 


y = 


/„x0 


Where lu = length of gas column at O^C ‘ 
l 0 = length of gas column at 0°C 
0 = change in temperature of gas 
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Example 23 

The volume of air in a capillary tube is 56cm 3 at 0°C and 75cm 3 at 100°C. Calculate the 
cubical expansivity of the air at constant pressure. 

Solution 

Volume of air at 0°C, V 0 = 56cm 3 Volume of air at 100°C, V 0 = 75cm 3 

Change in temperature, 6 = 100°C 

Cubic expansivity, y = — — ^ = 75 - 19 

V o x0 56x100 5600 

y= 3.39 x 10 V or 3.39 x 10° °C l 

Example 24 

The cubic expansivity of a fixed mass of gas trapped in a capillary tube of uniform cross- 
sectional area is 3.68 x 10 V. If the gas column at 0°C is 13.69 x 10‘ 2 m long, 
calculate its length at 100°C. 

Solution 

Cubic expansivity, y = 3.68 x 10' 3 K 1 Length of gas column at 0°C, l Q = I3.69x 10 2 m 

Length of gas column at 100°C, / 0 = ? Change in temperature, 0 = 100°C 

Substitute into y = — to obtain 

/ o x0 

3.68x10- 

13.69x10 2 xlOO 

/„- 13.69 x 10' 2 = 3.68 x 10‘ J x 13.69 x 10' 2 x 100 
/, - 13.69 x 1 0' 2 = 0.0503792 

/, = 0.0503792 + 13.69 x 1 0' 2 
/« = 0.1873m or 18.73 x 10' 2 m 


Example 25 

The cubic expansivity of a certain gas at constant pressure is — K ' If a given mass of 

273 

the gas is held at constant pressure and its volume at 0°C if 273m 3 , determine the volume 
of the gas at 273°C. WAEC 2008 

Solution 

Cubic expansivity, r = _L K' 1 Volume of gas at 0°C, V G = 273m 3 

Volume of gas at 273 °C, V 0 = ? Change in temperature, 0 = 273°C = (273 + 273)K 

-546K 

The change in temperature 0 given in centigrade (°C) had to be converted to Kelvin (K) 
because the cubic expansivity is given in K* . 

V — V 

Substitute into y = -77 — 7- to obtain 

V x 0 


1 _ Vq-273 
273 273x546 


Rearranging, 


273x546 = 73 

273 


546= V„- 273 

Volumeof gas at 273“C, V 0 =546 + 273 = 8I9m 
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Pressure Expansivity ot a gas at constant volume is the tract ion ot Us pressure a! 

^ Inch the pressure ot a given mass of gas increases per Kelvin change in temperature. 


n changcin pressure fromO'C 

Pressure expansivity, p = ^-77^ 


pressure at ()“Cx change in temperature 


i> _ i> 

Pressure expansivity, p = — *- 

P o xO 

Where P 0 = gas pressure at 0°C 
Ph = gas pressure at 0°C 
0 = change in temperature of gas 
P = pressure expansivity of gas 


Example 26 

What is the pressure expansivity of a gas whose pressure changes from 83mrnllg at f) ( 
to I05mmHg at 70°C? 

Solution 

Gas pressure at 0°C, P c = 83.6inmMg 
Gas pressure at 70°C, P 0 = 105mmHg 
Change in temperature, 0 = 70°C 

Pressure expansivity, p = -SlZLSl = l 05 ' 83 6 _ 2L1 = 3 66x10 ‘ "r 1 
P p x0 83.6x70 5852 • 5 00X,U ^ 
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EXERCISE 1 0 



When one arm of a U-tube manometer is connected to a gas supply, the levels of rr rcury 
m the two arms of the U-tube are as shown in the diagram above. If the atmo > ieric 
pressure is 76.0cmHg, what is the gas pressure? 

A. 62.6cmHg B. 72.5cmHg C. 79.5cmHg D. 85.9cmHg JAMB 1988 Ans:85.9cmHg 

2 . 



In the diagram above, if the atmospheric pressure is 760mm, what is the pressure in the 
chamber G? 

A 660mm B. 690mm C. 830mm D. 860mm JAMB 1994 Ans: 830mm 

3. A thread of mercury of length 15cm is used to trap some air in a capillary tube with 
uniform cross-sectional area and closed at one end. With the tube vertical and the open 
end uppermost, the length of the trapped air column is 20cm. Calculate the length of the 
air column when the tube is held 

(i) horizontally 

(ii) vertically with the open end underneath. 

(Atmospheric pressure = 76cm of mercury) WAEC 1988 Ans: (i) 23.95cm (u) 29.84cm 

4 . 






Capillary tube 



r — - 



45cm 

Mercury thread 



r 15cm 


.i 

i 

f 15cm 




30cm 



Dry air 

C > 

! 

t 




Fig 10.22 
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The sei-up illustrated above shows a capillary tube of uniform cross sectional area in ^ ° 
different arrangements. Using the data in the diagrams, calculate the pressure of tie 
atmosphere WAEC 1991 Ans: 75cm of mercury 

5. A thread of mercury of length 16cm is used to trap some air in a capillary tube of 
uniform cross-sectional area and closed at one end. When the tube is held vertically, with 
the closed end at the bottom, the length of the trapped air column is 30cm. Calculate the 
length of the air column when the tube is held, 

(i) horizontally 

(ii) vertically with the open end underneath. [Atmospheric pressure - 76cm of 

mercury] NECO 2006 Ans (i) 36.32cmHg (ii) 46cmHg 


Fig 10.23 


Pi 

1 



^7 6cm 



In the figure above, a thread of mercury 76cm long is used to trap some dry air in a 
capillary tube of uniform cross-section closed at one end Calculate the ratio of the 
pressure P 2 /P 1 [Atmospheric pressure is 76cm of mcrcurv) NECO 2004 

Ans F : _ 76+76 J 52 
P 76 76 


7. 


Y 


Fig 10.24 

In the J-tube above, Y and X are on the same horizontal level and 30cm 3 of air is trapped 
above Y when the atmospheric pressure is 75cmIIg. Calculate the volume of air trapped 
above Y when 1 5cmHg is now poured into the limb above X. 

A. 15cm 3 B. 25cm 3 C. 35cm 3 D. 45cm 3 JAMB 1999 Ans: 25cm 

8. An air bubble of volume 2cm' is formed 20m under water. What will be its 

volume when it rises to just below the surface of the water if the atmospheric pressure is 
equivalent to a height of 10m of water? WAEC 1995 Ans: 6cnr 

9. An air bubble of volume 4cm 3 is formed 20m under water. What will be its 

volume when it rises to just below the surface of the water if the atmospheric pressure is 
equivalent to a height of 10m of water? NECO 2002 (Ans. 1 2cm 1 

10 . An air bubble rises from the bottom to the top of a water dam which is 40m deco 
The volume of the bubble just below' the surface is 2.5cm 3 . Find its volume at the bon n 
of the dam, if atmospheric pressure is equivalent to 10m of water. 

A. 10.0cm 3 B. 2.0cm 3 C. 1.6cm 3 D. 0.625cm 3 E. 0.5cm 3 JAMB 1979 Ans: 0.5 J 

11. The pressure of a fixed mass of gas is 2.0x10 Nm at a known temper: 

Assuming that the temperature remains constant, what will be the pressure of the ga* 
volume is halved? WAEC 1996 (Ans: 4.0 x lv \'m 
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12. A fixed mass of gas occupies a volume of 20cm J at a pressure of 700m ml g 

Assuming ilia! the temperature remains constant, what will he the volume o I the gas at 
750cm I lg? WAEC 1997 ( Ans IX. 7cm ) 

13. When the pressure of a fixed mass of gas is doubled at constant temperature, the 
volume of the gas is; 

A. increased four times B. doubled C. unchanged D. halved W A EC 2 00 3 A ns I) 

14. Dry hydrogen is trapped by pellet of mercury in a uniform capillary tube closed at 

one end If the length of the column of hydrogen at 27°C is 1 .0m, at what temperature 
will the length be 1 .20m? WAEC 1990 Ans: 360K or XTC 

15. A gas which obeys Charles’s law exactly has a volume of 283cm 3 at IO f> C. What 

is its volume at 30°C? WAEC 1992 Ans: 303cm } 

16. A gas has a volume of 546cm 3 at 0°C. What is the volume of the gas at 100°C if 

its pressure remains constant? WAEC 1993 Ans: 746cm 1 

17. A gas occupies a certain volume at 27 °C. At what temperature will its volume be 
three times the original volume assuming that its pressure remains constant? 

WAEC 1994 Ans: 900K or 62 7° C 

18. A balloon containing 546cm 3 of air is heated from 0°C to 10°C. If the pressure is 

kept constant, what will be its volume at 1 0°C? WAEC 1995 Ans: 566cm J 

19. 



The diagram above shows the variation of volume V of a gas w ith temperature 0 in a 
Charles’s law experiment. What is the value of the temperature at the point X? 

WAEC 2000 Ans: -273°C 

20. The volume of a given mass of gas is 273cnT at 0°C. What is the volume at 

273°C if its pressure remains constant? NECO 2006 Ans: 546cm ' 

21. A gas occupies a volume of 300cm* at a temperature of 27°C. What is its volume 
at 54°C when the pressure is constant? 

A. 150cm' B. 273cm C 327cm* D. 600cm* J.4MB 1986 Ans: 327cnv 

22. A column of air 10.0cm long is trapped in a tube at 27 °C. What is the length of 
the column at 100°C? 

A. 12.4cm B. 13.7cm C. 18.5cm D. 37.0cm J.AS1B 1989 .4ns. 12.43cm 

23. The equation P'V'T Z = constant, is Charle’s law when 

A. x = 1. y = -1, z = 1 B x = 0, y = 1 . z = - 1 

B. x = 1 , y = 0. z = -1 D. x = 0, y = 1. z = 1 J.UtB 1995 Ans: B 

24. A gas has a volume of 100cm at 27°C. If it ‘ s heated to temperature T until a final 
volume of 120cm' is attained, calculate T. 

A. 33°C B. 60°C C. 87°C D. 1 14°C JAMB 1998 Ans: 360k or S^C 

25. A given mass ot gas has a pressure ot 80Nm " at a temperature of 47°C. If the 

temperature is reduced to 27°C with the volume remaining constant, what is the new 
pressure? WAEC 19SS Ans: ~5\nr 

26. The pressure of air in a tyre is 22.5Nm ~ at 27 J C. If the air in the tyre heats up to 

47°C. calculate the new pressure of the air, assuming that no air leaks out and that the 
change in volume of the air can be neglected. H'.-IA'C 1994 Ans: 24Xm " 

27. A given mass of an ideal gas has a pressure of 500Nm ' at -13°C. If its volume 

remains constant, calculate its pressure at 247°C. 2001 Ans IOOOXm 
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increased by 22 -SOem.Hj- 
JAMH !W2 Ans A 


:s. n, lyre pressure <„ » ear was ,« * 

temperature of 27 ,, (\ Hard driving in the a lie moon raised me luopL 
57‘V. The lyre pressure had by afternoon; 

A increased by 15. Oemllg H. decreased by 1 5.0cml Ig C. 

D decreased by 22. 50cnllig K. remained constant. ri if , M _ 

29 . A motor tyre is inflated to pressure of 2.0 x 10 Nm when the tempera u 
is 27°C. What will be the pressure in it at 87 n C assuming that the vo umc o 

does not change? A. 2.6x1 O’ Nm 1 B. 2.4xlO’Nm C 2 . 2 x 10 ’Nm 13 1 

JAMB 1 994 Ans: 2.4 / Kt Nm 

30 . A given mass of gas al a temperature of 30'C is trapped in a tube of volume V. 

C alculatc the temperature of the gas when l he volume is reduced to two-thi of its 
original value by applying a pressure twice the original value. 0 , 

WAEC 1992 Ans:404K or 131 C 

31 500cnr of a gas is collected at 0°C and at a pressure of 72.0cm of mercury. What 
is the volume of the gas at the same temperature and at a pressure of 76.0cm of mercury. 
A. 76 x 500cm 1 q 72 x500cm’ Q 72 x76cm’ |) 76cm' fc. 72cm 1 


72 70 500 72x500 76x500 

WAEC 1 994 A ns: B 

32. The volume of an ideal gas at a pressure of 77cmHg and temperature 60 C is 

240cnr . If the temperature and pressure arc increased to 98°C and 81cmHg respectively, 
calculated the new volume of the gas. WAEC 2001 Ans: 254.2cm* 

33 . The volume of a given mass of an ideal gas at 327K and 9.52 x 10 4 Pa is 40cm . 
Calculate the volume of the gas at 273K and 1.034 x l0 5 Pa. WAEC 2003 Ans: 30.75cm 3 

34. The temperature of 900cm 1 of an ideal gas at a pressure of 1 14cmIIg is 27°C. 

Calculate its volume at 76cmHg and 0°C. WAEC 2004 Ans: 1228.5cm 3 

35. A quantity of sungas at -133 l 'C occupies '/3m 3 under a pressure 1 .4 x 10 5 Nm If 
the gas occupies 31m 1 at 37°C, what will its pressure be? 

A. I 26xl0 3 Nm • B. 10‘Nm - C. 1 .35 x 10 4 Nm 1 D. 2.2xl0 4 Nm J E. Itf Nm 2 

JAMB 1980 Ans: 3.3 x 10* Nm 2 no correct option 

36 . If the pressure on 100cm 1 ol an ideal gas is doubled while its Kelvin temperature 
is halved, what then will become the new volume of the gas? 

A. 25cm 3 B. 50cm 3 C. 100cm 3 D. 200cni 3 E. 400cm 3 JAMB 1983 Ans 25cm 3 

37 . A quantity of gas occupies a certain volume when the temperature is -73°C and 
the pressure is 1.5 atmospheres. If the pressure is increased to 4.5 atmospheres and the 
volume is halved at the same time, what will be the new temperature of the gas*' 

A. 573°C B. 327°C C. 300°C D. 1 10°C E. 27°C JAMB 1985 Ans: 300K or 27°C 

38. A mass of gas at 7°C and 70cni of mercury has a volume of 1200cm 3 . Determine 
its volume at 27 °C and pressure of 75cm of mercury. 

A. 1200cm’ B. 1378cm' C. 4320cm 3 D. 4629cm 3 JAMB 1989 Ans: 1 200cm 3 

39. A gas with initial volume 2 x 10 6 m 3 is allowed to expand to six times its initial 

volume at constant pressure of 2 x lO^Nm' 2 what’s the work done? 

A. 2.0J B. 4.0J C. 12.0J D. 1.2J JAMB 2001 Ans: 2.0J 

40 . A small circular membrane is 10cm below the surface of a pool of mercurv when 
the barometric height is 76cm of mercury. If the density of mercury is 13600kgm \ what 
is the pressure on the membrane in Nm’ 2 ? [g= 1 0m/s 2 ] WAEC 1992 Ans: 1 .17 x l&Nnr 

41 . As a result of air at the top of a barometer the height of the mercury column is 
73.5cm when it should be 75.0cm; the volume of the space above the mercury is 8 0cm 3 . 
Calculate the correct barometric height when the barometer reads 74.0cm and the volume 
of the space above the mercury is 6.0cm 3 . 

A. 72.0cm B. 74. 5cm C.75.1cm D. 76.0cm JAMB 1987 Ans: 1 (wm 

42 . The pressure of 3 moles of an ideal gas at a temperature of 27 U C ha\ ing a volume 

of I O' V is? |R=8.3J molK'l A.2.49x 10" Nm ’ B.7.47x 10 4 Nm C 

2.49xlO'Nm"’ D.7.47xl0 s Nm : 


JAMB 2002 Ans .7.47 x 10 Nm ‘ n mt . 


iiK 
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43. A uniform capillary lube of negligible expansion scaled at one end, contains air 
trapped by a pellet of mercury. The trapped air column is 13.7cm long at 0°C and 18.7cm 
long at 100°C. Calculate the cubical expansivity of the air at constant pressure. 

WAECI993 Ans: 3.65 x lO^K 1 

44. The volume of a given mass of gas is 40cm' at 27°C. What is its volume at 90°C 

if its pressure remain constant? NECO 2003 Ans: 48.4cm 3 

45. 



In the diagram above, what is the pressure of the gas? 

A. 96cm of mercury B. 86cm of mercury C. 66cm of mercury D. 76cm of n cury 

JAMB 2006 Ans: 86cmttg 

46 . 1 he pressure of a fixed mass of an ideal gas at 27°C is 3Pa. The gas is heated at a 

constant volume until its pressure is 5Pa. Determine the new temperature of the gas. 

WAEC2007 27 (Ans: 227°C) 


47 . 


Atmospheric pressure = 76cmHg 



Using the above diagram, calculate the pressure of the gas supply. 

NECO 2007'* Ans: 79cmHg 

48. A sealed flask contains 600cm 3 of air at 27°C and is heated at 35°C at constant 
pressure. The new volume is 

A. 508cm 3 B. 516cm 3 C. 608cm 3 D. 616cm 3 JAMB 2008 Ans: 616cm 3 

49. The pressure of two moles of an ideal gas at a temperature of 27°C and volume 1 O' 2 
m 3 is 

A. 4.99 x 10 s Nm -2 B. 9.80 x 10 3 Nm' 2 C. 4.98 x 10 3 Nm“ 2 

D. 9.80 x 10 s Nm" 2 fR = 8.313 JAMB 2009-'° Ans: A 

50. A thread of mercury of length 20cm is used to trap some air in a capillary tube 
with uniform cross-sectional area and closed at one end. With the tube vertical and the 
open end uppermost, the length of the trapped air column is 15cm. Calculate the length of 
the air column when the tube is held 

(i) horizontally (ii) vertically with the open end underneath. 

[Atmospheric pressure = 76cmIIg] WAEC 2009 Ans: (i) 18.95cm (ii) 25. 71cm 
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SI. The equation P x V y T z = Constant is Charles’ if 


A. x = 0, y = 1 and z = — 1 

B. x = 0, y = — 1 and z — 1 

C. x = 1, y = 1 and z = 0 

D. x = 1 y = 1 and z = -1 , 7 

E. x = 1. y = 1 and z = 1 NECO 2009 17 Ans : A ^ 

52.The pressure of a certain mass of gas at constant volume increases from 25 mm g at 
20°C to 400mmHg at 50°C. Calculate the pressure expansivity of the gas. 

NECO 2009 s ' 2 Ans: 0.02°C -1 
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PRESSURE IN FLUIDS 



Pressure is defined as the force acting perpendicularly per unit area. 

Force R 

Pressure = 

Area 

Also, 

That is, 

P=— 

A 

Pressure = Weigh * 

That is, 

pJ* 

Area 

A 


Note: F - W - mg. Where m is mass (kg) and g acceleration due to gravity (m/s 2 ). 
Pressure is measured in Nm' 2 . 10 5 Nm‘ 2 = 10 5 Pa = lbar 

Example 1 

A rectangular water tank of weight 4.5 x 10 3 N measures 2.0m by 1.5m by 1.2m. 
Calculate the minimum pressure it can exert when resting on a horizontal surface. 

NEC0 2 '6. 

Solution 

Minimum pressure is obtained when the tank rest on the greatest area. 

From, 2.0m by 1.5m by 1.2m. the greatest area, A = 2 x 1.5= 3.0m 2 
Weight, W = F = 4.5 x 10 3 N 

Pressure = —= 4 5 * 10 =1.5xl0 1 Mw~ 2 
A 3.0 


Example 2 

A rectangular block of dimensions 2.0m x 1.0m x 0.5m weighs 200N. Calculate the 
maximum pressure exerted by the block on a horizontal floor. WAEC 2008 

Solution 

Maximum pressure is obtained when the block rest on the least area. 

From, “2.0mxl.0m x0.5m ” the least area, A = 1 0m x 0.5m = 0.5m 2 
Weight of block W = F = 200N 

n , _ F 200N 2 

. . Pressure exerted P = — = = 400Nm 

A 0.5 


Example 3 

A rectangular tank contains water to a depth of 2m. If the base is 4m x 3m calculate the 
force on the base. (Density of water = 10 3 kgm 3 , g=10ms’ 2 ) A. 2.4xl0 4 N B. 
2.4 x 10 4 N C. 2.0xl0 4 N D. 1.7xl0 3 N 
JAMB 1986. 

Solution 

The force (F) on the base of the tank will depend on the weight (W) of the water. 

Volume of tank = 4x3x2 = 24m 3 

Density of water = lOOOkgm 3 

Density = mas ! _ Mass of water, m = Density x Volume 

volume 

m = 1000 x 24 = 24000kg 

Weight of water, W = F = mg = 24000 x 10 = 2.4 x 10 5 N. 
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FLUID PRESSURE lh c HuuJ 

Pressure in fluids (liquids or gases) depends on the depth (height) and density 


P = 


£ 

A 


P 

P 

P 

P 


nig 

A 

pxVxg 

A 

px A x h xg 
A 

Phg 


Where P = pressure (Nm '), 
m = mass (kg), 

A = area (m 2 ) 
h = height or depth(m) 


F = force (N) 2 

g = acceleration due to gravity(m/s ) 
p = density (kgm°) 


Example 3 

A reservoir is filled with a liquid of density 2000kgm' 3 . Calculate the depth at which t e 
pressure in the liquid will be equal to 9100Nm' 2 (g=10m/s 2 ) WAEC 2002 

Solution 

Density of liquid, p = 2000kgm‘ 3 ; Pressure, P = 9100Nm 2 ; g=10m/s 2 

P = phg, depth, h = — = 0.455/n 

p g 2000x10 


Example 4 

A 5m x 4m x 3m vessel of negligible weight is filled with a liquid of density 2500kgm' 3 . 
If the vessel is placed on a flat surface, what is the maximum pressure it can exert? 

Solution 

The maximum pressure is exerted when the vessel rests on its least area. 

From 5m x 4m x 3m, the least area, A = 4 x 3 = 12m 2 . 

Volume of vessel, V = 1 x b x h = 5x4x3 = 60m 3 
Density of liquid p = 2500kgm 3 

From p = m / v , mass, m - p x V = 2500 x 60 = 150000kg 
W = F = mg = 1.5 x 10 5 kg x 10 = 1.5 x 10 6 N 


_ _E_ 1.5x10 N _ 12 S 00 = ).2xlO s N/m* 
A 12 


Alternatively, we could apply the pressure formular, P = phg because pressure in a 
liquid depends on depth or height. If the vessel rests on its least area 4x3, then 
the height(h) becomes 5m. 

P = phg = 2500 x 5 x 10 = 1.25 x 10 5 N/m 2 


ATMOSPHERIC PRESSURE 

At sea level the atmospheric pressure is 760mmHgor 1.013 x IO s N/m 2 . Pressure reduces 
as you go higher into the atmosphere (above sea level). Pressure increases as you o 
lower (below sea level). The pressure fonnularcan be applied in both cases. 
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Example S 

Calculate the length of the liquid in a barometer tube that would support an atmospheric 
pressure of 3.06 x 10'Nm 2 ifthe density of the liquid is 1.36x 10 4 kgm J (g=10m/s 2 ). 
Solution 

Density of liquid, p = 1.36 x 10 4 kgm° 

Pressure, P= 3.06 x 10 5 Nm’ 2 ; (g=10m/s 2 ). 

From pressure formula, P = phg, Lenght of liquid, h=— = 306x '° — = 2.25m 

p% 1.36x10 xlO 

Example 6 

A pilot records the atmospheric pressure outside his plane as 63cm of Hg while a ground 
observer records a reading of 75cm of Hg with his barometer. Assuming that the density 
of air is constant, calculate the height of the plane above the ground. (Take the relative 
densities of air and mercury as 0.00136 and 13.6 respectively). WAEC 1998 

Solution 

Pressure change for air = pressure change for mercury 
pxHxg = pxhxg 
or pxH = pxh 

ie. pair X H = p Hg X h 

Where p air and p Hg are densities or relative densities of air and mercury respectively. 
0.00136 xH = 13.6 x (75 - 63) = 13.6 x 12 

Height above ground, H = = 1 2000cm = 1200m 

0.00136 


Example 7 

The atmospheric pressure due to water is 1 .3 x lO^m" 2 . What is the total pressure at the 
bottom of an ocean 10m deep? (Density of water = lOOOkgm 3 , g=10m/s 2 ) 

A. 1.3xl0 7 Afo' 2 B. 1 .4 x 1 0 6 Nm~ 2 C. 1.4x10 s Nni 1 D. 1.0x10 > Nrn 2 JAMB1998 

Solution 

Atmospheric pressure, P = 1.3 x lO^m 2 . 

Depth of ocean, h = 10m 

Density of water, p = lOOOkgm' 3 ; g = iOm/s 2 
Total pressure = P + phg 

= 1.3 x 10 6 + 1000 x 10 x 10 
= 1.4 x lO^m' 2 


PASCAL PRINCIPLE 


Pascal principle states that when a fluid completely fills a vessel and a pressure is applied 
to it at any part of the surface, that pressure is transmitted equally throughout the whole of 
the enclosed fluid and the walls of the containing vessel. 

Pascal principle is applied in a hydraulic press as follows. 


Pressure, P = 



or 


f 2 = 


a 2 f, 

A, 
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EFFORT 


u 


Small piston 


Fig. 11.1 


LOAD 


Large piston 


A 2 


Hydraulic Press 


Where F, = effort or force applied on smaller piston 
A, = cross sectional area of small piston 
F 3 = load or force applied on larger piston 
A 2 = cross-sectional area of larger piston 

The velocity ratio (V.R.) of an hydraulic press is 

X, A : 

X, A, = X 2 A, or — L = 

X 2 A, 

Where X* = distance moved by the small piston 
X 2 = distance moved by the larger piston 


Example 8 

A hydraulic press has a large circular piston of radius 0.8m and a circular plunger of 
radius 0.2m. A force of 500N is exerted by the plunger. Find the force exerted on the 
piston. A. 8000N B. 4000N C 2000N D 3 IN JAMB 1995 

Solution 

= 0.2m; r 2 = 0.8m; F, = 500N 

Area of large piston, A 2 = nr\ = n x 0.8 2 = 0.64n 
Area of small piston. A, = nr* - n x 0.2 2 = 0.4n 
Force exerted on small piston, F, = 500N 

F F, 

Substitute into — = — to obtain 
A, A 2 

500 _ F 2 

0.04fl 0.64^ 

c i r- 500x0.647t 0/x ^ vt 

Force on larger piston, F, = = 8000N 

2 0.04ji 


HARE’S APPARATUS 

The densities of two liquids can be compared by means of Hare’s apparatus a 
Applying the pressure formular on the figure below, the followinc equ 
obtained. 

h i P. g = kp:g 
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htpi = hjpj 



Example 9 

In an experiment using Hare’s apparatus, the height of water column was 10.5cm and that 
of glycerine is 8.1cm. (a) Calculate the density of the glycerine if the density of water is 
1000kgm*\ (b) If the density of was not given in (a) above, show how you would 

calculate the relative density of glycerine. 

Solution 

(a) Height of glycerine column, h, = 8.1cm 
Density of glycerine column, p, = ? 

Height of water column, h, = 10.5cm 
Density of water column, p 2 = lOOOkgm 3 

Substitute into — =— - . — - . . 

P: h > 

_p i _ = ]05 

1000 8.1 


= 1 296.3 -1300kgTrf J 


(b) Height of water column, h 2 = 10.5 

Height of glycerine column, h| = 8.1 

ill = relative density of glycerine, if h 2 is the height of water column. 

h i 

, h, 10.5 , . 

Relative density, —=——'*1-3 
h, 8. 1 
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EXERCISE 11 

/• f n - 7 v in : N on a groove of 

1 The stylus of a phonograph record exert a force of 

radius 10 'm. compute the pressure exerted by the stylus on the groove.^ ^ 

A. 2.45x10" Nm' 1 B. 3.45x10 s A'm' : C. 4.90x10 s Nm D. 2.42 x 10 Nm * 

JAMB 2003 Ans: 2 45 x^ Hr . Am 

2. A man exerts a pressure of 2.8 x lO’Nm : on the ground and has 4 x 10 m o is 
feet in contact with the ground. What is the weight of the man 

A. 1 12N B. HON C. 102 D. 70N JAMB 2004 Am: U N 

3. The horizontal door of a submarine at a depth ol 500m has an area 0 • • 

Calculate the force exerted by the sea water on the door at this depth. [Relative ensity o^ 
sea water = 1.03] [Atmospheric pressure = 1.0 x 10 5 Nm*] [Density of pure water 
lOOOkgm 3 ] [g=10m/s 2 ]. WAEC 2002^ Ans: 2.06 x 10 A 

4. A diver is 5.2m below the surface of water density lOOOkgm . If the atmospheric 
pressure is 1.02 x 10 s Pa, calculate the pressure on the diver (g=lOm/s ). 

WAEC2004 Ans: 1.54 x IV Pa 

5. Two divers G and H are at depths 20m and 40m respectively below the water 

surface in a lake. The pressure on G is P t while the pressure on H is P2 If 
atmospheric pressure is equivalent to 1 0m of water, what is the value of P2/P1? , 

WAEC 1985 Ans:'// 


6. A liquid of mass 1.0 x I0 3 kg fills a rectangular tank of length 2.5m and width 
2.0m. If the tank is 4m high what is the pressure at the middle of the tank? [g^lOm/s ] 

A. l.OxltfMn" 2 B. 2.0x10 s Nm~ 2 C. 1.5x10' Mw -2 D. 1.0x10* Nm' 1 

JAMB 1997 Ans: 1 x l&Nm : 

7. A weightless vessel of dimensions 4m x 3m x 2m is filled with a liquid of density 
lOOOkgm and sealed. What is the maximum pressure this container can exert on a flat 
surface? [g=10m / s : ] A. 9x10* Mu" 2 B. 4xl0 4 Mrf 2 C. 3xl0 4 M/T 2 D. 2xl0 4 M/f 2 

JAMB 1993 Ans 4 x l&Nm 2 

8. Normal atmospheric pressure at seal level is lO'^Nm' 2 and the acceleration due to 

gravity is approximately lOm's. If the atmosphere has a uniform density of lkgm°, 
what is its height? Hint use P = phg A. 1 00m B. 1 000m C. 1 0,000m D. 1 00,000m 
E. 1000,000m jamb 1984 Ans: 10,000m or 10* m 

9. A faulty barometer reads 72.6cmHg when the atmospheric pressure is 75.0cmHg. 
Calculate the atmospheric pressure when this barometer reads 72.0cmHg. 

WAEC 2004 Ans: 74. 38cmHg 

10. Calculate the length of the liquid in a barometer tube that would support an 

atmospheric pressure of 204000Nm\ if the density of the liquid is 5200kgm' 3 
[g=10m/s 2 ] NECO 2004 Ans: 3.92m 

1 1 What is the length of the liquid in a barometer tube that would support an 
atmospheric pressure of 102000Nm‘ 2 if the density of the liquid is 2600kgm‘ 3 [g=10m/s 2 ] 
A. 0.75m B. 0.76m C. 3.92m D. 39.23m JAMB 1990 Ans: 3.92m 

12. A pilot records the atmospheric pressure outside his plane as 63cm of Hg while a 
ground observer records a reading of 75cm of Hg for the atmospheric pressure on the 
ground. Assuming that the density of the atmosphere is constant calculate the height of 
the plane above the ground. (Relative density of Hg = 13.6 and that of air = 0.0001 3) 

A. 1200m B. 6300m C.7500m D.l3.800m J.4\fB 1991 Ans: 1 20,000cm = 1200m 

13. The hydrostatic blood pressure difference between the head and feet of a boy 
standing straight is 1.65 x lO^Nm “. Find the height of the boy. [Density of blood = 1.1 \ 
I0 3 kgm* 3 , g=10m/s 2 ] Hint: p = phg A. 0.6m B. 0.5m C. 2.0m D. 1.5m 

JAMB 2002 Ans: 1 ,5m 

14. The areas of the effort and load pistons of a hydraulic press are 0.5m 2 and 5nr 
respectively. If a force F\ of 100N is applied on the effort piston, what is the force F- on 
the load. A.10N B.100N C.500N D.1000N E.5000N JAMB 1985 Ans. 1000N 
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15. In a hydraulic press, a force of 40N is applied on the effort piston of area 0.4m 
If the force exerted on the load is 400N, what is the area of the large piston? , 

A. 8m 2 B. 4m 2 C. 2m 2 D. 1m 2 JAMB 2004 Arts: 4m 


16. 



The figure above shows the heights of two liquids X and Y when some air is sucked out 
of the apparatus through the pump P. The diameter of the tube in X is twice that of the 
tube in Y. What is the relative density of liquid X with respect to liquid Y. 

A. 1/3 B. 2/3 C. 3 D. 6 JAMB 1992 Ans. % 

17. A reservoir 500m deep is filled with a fluid of density 850kgm* 3 . If the 
atmospheric pressure is 1.05 x I0 5 Nm' 2 , the pressure at the bottom of the reservoir is 

A. 4.28 x KTNm 2 B. 4.72 x O^m* 2 C. 4.25x lO^m* 2 D. 4.36x lO^m 2 

[g=10ms 2 ] JAMB 2007 Ans: 4.36x l&Nm 7 

18. In the Hare’s apparatus, water rises to a height of 26.5cm in one limb. If a liquid 
rises to a height of 20.4cm in the other limb, what is the relative density of the liquid? 

A. 0.8 B. 1 . 1 C. 1 .2 D. 1 .3 JAMB 2008 Ans: 1. 3 

19. 



The diagram above illustrates a Hare’s apparatus. t l ( J represent densities and h, 
heights of column of liquids. Which of the following equations is correct? 

£ £ f 

h - 1 


h 2 


A. 


h ,-M 

P 

K i 


B 


h,=^ 

t, 


D. h. =- 


M: 


WAEC 2008 Ans: B 

19. In a hydraulic press, a force of 40N is applied to the smaller piston of area 1 0cm 2 . 
If the area of the larger piston is 200cm 2 , calculate the force obtained. 

WAEC 2009 3 Ans. 800N 
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12 


WAVES 


genaral characteristics of waves 

A wave is a disturbance which travels through a medium and transfers energ> 
point to another, without any permanent displacement of the medium. 

A typical wave is defined by the follow ing terms: 

a. AmplitudeiA) This is the maximum displacement of the particles of a w a\ e 
from its mean ot equilibrium position. It s measured in meter. 



b. Wavelength ().). This is the distance between two successive troughs or two 
successive crests. It is also the distance covered by a wave when it completes one 
cycle, vibration or oscillation. It is measured in meter. A wavelength can be 
subdivided into half Cl 2 ), three-quarters ('%) and one-quarter ( ; 7 4 ). 

c. Period (T). This is the time taken by the particle of a wave to perform one 
complete cycle or oscillation. It is also the time required by a wave to travel one 
wavelength. It is measured in seconds and can be stated thus: 

j _ time taken time taken 

numberof cycles number of wavelengths 

d. Frequency (f) It is the number of cycles or oscillations which the wave 
completes in one second. Frequency is measured in HertzfHz) or s' 1 

j. numberof cycles number of wavelengths 
time taken time taken 

Frequency and penod are related as follows: 


e. Wave Speed or Velocity (V). ^ a% cien^ht _ 

penod T 

or V = wavelength X frequency = /.f 
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Example I 



Solution 

Wave velocity, V = 300ms *; frequency, f =? 

For a particular wave, the number (n) of wavelength and their displacement (d) are 
related by 



where ri], d| = one wavelength and its corresponding distance 

n 2 ,d 2 = any number of wavelength and its corresponding distance. 

The diagram shows 7}/i or 2.5 wavelengths with a corresponding length of 3m. 
Therefore, n 2 = 2.5X and d 2 = 3m. For one wavelength, il| = IX. and d| = ? 

Substitute into — = ^ to obtain 

d, d 2 
a = 2 . 5/1 
d, 3m 


cross multiplying, d,x2.5X = 3mxlX 


d, = 


3m x 1 X _ 3m 
2.5X~ ~ 2^5 


= 1.2m 


V 300 

From V = A.f, frequency, f = — = — = 250Hz 


Example 2 
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The diagram above shows two waveforms X and Y. If the frequency o \s - v 

is the frequency of Y? A.12Hz B. 19Hz C. 60Hz D.75Hz 

Solution 


... - _ number of wavelenghl 

Wave frequency, f = - — 

time taken 

X has one wavelength and frequency of 30Hz. Therefore time taken by X is 

_ number of wavelenght 1 ^ 
frequency 30 

From the diagram, wave Y with 2.5 wavelengths also takes V 30 sec, same as X. 

Therefore, frequency of Y = number of wavelenghts = ZS 

time taken Xo 

= 2.5x30 = 75Hz 

Alternatively, we could derive an equation relating the frequency (f*) and number of 
wavelengths (n x ) of wave X with the frequency (f y ) and number of wavelength (n y ) of 


wave Y, as follows: 

n * n y 

T = f. 

substituting, 

1 _ 2.5 

30Hz f y 

frequency of Y, f y = 

30Hzx 2.5 = 75Hz 


Example 3 



The diagram above shows a waveform in which energy is transferred from X to Y in a 
time of 2.5 x 10 3 s. What is the frequency of the wave? NECO 2002 u 

Solution 

Number of wavelengths = 2V* or 2.5 Time taken =2.5 x 10' 3 s 


Frequency = 


number of wavelenghts 
time taken 


2.5 

2.5x 10‘ 3 s 


1.0x1 O' Hz 


Example 4 

A wave travels a distance of 20cm in 3s. The distance between successive crests of the 
wave is 4cm. What is the frequency of the wave? NECO 2()()(/ 4 

Solution 

Wavelength, X = 4cm; wave distance = 20cm; time taken = 3s. 


wavespeed = 


wavedistance 

timetaken 


20cm 

3s 


6.(i?cm 


From V = f X, frequency, f = — = ^ ^ 7c . n ? . .. 

X 4cm 


1.67Hz 


259 



Kxiiniplc 5 , 

I he wavelength of ultraviolet radiation is 400mn. If the speed of light in air is 3x10 ms , 
then the frequency of the ultraviolet radiation is A. 1.3 X I0''llz 13- 7.5 X 10 Hz 
C. 1.2 X lo"Hz D 7.5 X |0 u llz J AM[i 1986 

Solution 

Wavelength. X = 400nm = 400 X 10'%; speed, V = 3 x loW 

From V =a, frequency, f = — = _ 7 5 x 1 0 M Hz 

A 400x10" 


Example 6 


D/cm 



Fig. 12.5 

The diagram above represents the displacement D versus time, t, graph of a progressive 
wave. Deduce the frequency of the wave. WAEC 2003 18 

Solution 

From the graph, number of wavelength = 2.5X\ time taken by the 2.5 wavelengths = 
0.25s. 

_ number of wavelenghts 2.5 

Frequency = — = = 1 0Hz 

time taken 0.25 


Example 7 

A radio station broadcast at a frequency of 400KHz. If the speed of the wave is 3 x 
10 8 ms‘ I , calculate the wavelength of the radio wave. NECO 2005 

Solution 

Frequency, f = 400KHz = 400000Hz; Speed, V = 3 X 10 8 ms'' 

V 3xl0 8 , 

From V ~ Xf. wavelength X = — = = 7.5xl0'm 

f 400000 


Example 8 

The diagram below illustrates a variation of the displacement y of a wave particle with 
time t. If the velocity of wave is 250ms' 1 , calculate the distance between two successive 
particles which are in phase. WAEC 1996 40 



Solution 

The distance between two successive particles in phase is equal to the wavelength X. 
Wave speed, V = 250m/s. 
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y/niA 



Fig. 12.7 

The distance OA is equal to one wavelength. The time taken to travel OA is O.O^s. 

Frequency = I^crof wavelenghs = _L = 50Hz 
time taken 0.02 

V 250 

From V = Xf, wavelength X = — = — — = 5.0m 

f 50 


Example 9 

A periodic pulse travels a distance of 20.0m in 1.00s. 
calculate the wavelength. 

Solution 


... ... distance 

Wave speed V = — : 

time 


20.0m 

1.00s 


= 20ms 1 


If its frequency is 2.0 x 10 Hz. 

WAEC2000- 


From V = fi, 


wavelength. A ■■ 


V 


20 

2.0x10- 


= 0.01 = 1.0x10 m 


Example 10 

A wave has a frequency of 2Hz and a wave length of 30cm. The velocity of the wave is. 
A. 60.0ms 1 B. 6.0ms 1 C. 1.5ms‘ l D. 0.6ms' 1 JAMB 1987' 1 

Solution 

Frequency, f = 2Hz; wavelength, X = 30cm - 0.30m 
Velocity, v = f X = 0.30 X 2 = 0.60ms 1 

Example 1 1 

A boat at anchor is rocked by waves whose crest are 100m apart and whose velocity is 
25ms' 1 . At what interval does the wave crest reach the boat? 

A. 2500.00s B. 75.00s C. 4.00s D. 0.25s JAMB 1987 28 

Solution 

Wavelength, X = 100m; velocity, v = 25ms . Interval at which boat reaches crest is 
period, T = ? 

X . ^ X 100 „ 

From V =— , period, T = — = — — = As 

T v 25 


Example 12 

The figure below represents a displacement - time graph of a travelling wave moving 
with a speed of 2ms' 
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Determine, from the graph, the (i) amplitude (n) period (iii) wavelength of the wave. 

Solution 

a vc speed, V = 2n\s 1 

Amplitude, A = 2.0m as shown in the diagram below. 

(n) Period, T = 0. Is i.e. the time for one wavelength. M - N. 

(in) From V = — . wavelength, X = VT = 2 x 0. 1 = 0.2ms 1 



Example 13 

Infrared rays ot frequency 1.0 X 10 r * Hz have a wave length of 3.0 x 10 m in vacuum. 
The wavelength ot X-ravs ot frequency 5.0 x 10 I( * Hz in vacuum will be 
A 6.0 X 10;~ m B. 6.0 x 10 ,0 m C. 6.0 X 10* mD. 5.0 x lO^m 
H. 3.0 X 10 m XECOJOOP 1 

Solution 

For infrared rays: f = 1.0 X 10 13 Hz: X = 3.0 X 10' m 

v = Xf = 3.0 X to 5 x 1.0 x 10 1 - = 3.0 X 10 s ms 1 
For the X-ray: f = 5.0 x lO 1 * Hz; v = 3 X 1 0 s ms 1 

v = Xf a - — - — r ^ = 6.0 x 10 m 

f 5.0 x 10 

None of the options given is correct. 


STATIONARY WANTS 

A stationary or standing wave is a wave that is formed when two progressive 
waves of equal frequency and amplitude travelling in opposite direction are combined. 
Stationary waves consist of nodes and antinodes as shown in tig 12.10. 

A node is a point on a stationary wave where there is no movement of the 
medium, while an antinode is a point on a stationary wave where there is maximum 
displacement of the medium. 

Beknv in Fig 1 2. 10 is a diagram of a stationary wave. 

l or a stationary wave the following applies. 

Distance between a node and the next antinode, N - A = * 4 

Distance between two successive nixies (N - N) or antinode (A - A) = ^ 

Distance betw een three successive nodes (N - N - N) or antinode (A — A — A) - X 
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Fig. 12.10 


_ X - 



Example 13 

The wavelength of a stationary wave is 36.0cm. What is the distance between a no< 
the next ant, node? NECO 2002 

Solution 

Wavelength X = 36.0cm 

Distance between a node and next antinode = V*X 

= Va x 36 = 9cm. 


Example 14 

A wave of frequency 10Hz forms a stationary wave pattern in a medium where the 
velocity is 20cms'. The distance between adjacent node is 

A. 1.0cm B. 1.5cm C. 2.0cm D. 5.0cm JAMB 1986 

Solution 

Frequency, f = 10Hz; wave velocity, v = 20cms’' 

From v = Xf, wavelength \ - X = ?? = 2m 

f 10 

Distance between adjacent node = - i cni 

2 2 

Example 15 

Radio waves emitted from an antenna are picked up by a radar after reflection from an 
aircraft in 4 x 10’V How far is the aircraft from the antenna? (v=3x!0 J ms l ). 

A. 6.0 X 1 0 2 km B. 1.2xl0\m C.3.0xl0 3 km D.6.0xl0 5 km JAMB 1993 n 

Solution 

Velocity, v = 3XI0*ms' 1 ; time = % (4 XI 0' 3 ) = 2 x 10‘ 3 s 
(The time is divided into two because the wave was reflected). 

Distance = Velocity X time = 3x1 0 H X 2x1 0‘ 3 = 6x1 0 5 m or 6xl0 2 km. 


MATHEMATICAL REPRESENTATION OF 
PROGRESSIVE WAVE MOTION 

A progressive wave is any wave, transverse or longitudinal, that spreads out from a 
vibrating source and moves through a medium transferring energy as it travels. A graph 
of displacement against time for a progressive waveform is as shown in fig 12.1 1 
Mathematically, a wave can he represented by the following equation. 
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x.t 



Where ^ = vertical displacement of oscillating wave particle. 

X = wavelength 
A = amplitude 

a = horizontal coordinate, from the origin of the oscillating wave particle. 
= phase difference of wave panicle at distance x from the origin. 


A wave can travel in either the positive ^-direction or negative .r-direction. After a 
particular time t, the displacement of the wave particle can be represented by the 
following equations; Positively travelling wave and negatively travelling wave, 
respectively. 

1- Y*vr- Asm — f.r-vtl or Y. x * - Asin^-(W -.t) 


2 . 


4. 


5. 


Y* vc = Asm — (.r-vt) 


Y*vc= Asin2^-^-f/ | 

--±) 

A T j 


Y*ve= Asin2, 


In - 

U 


Y Mtf = Asim 


27T.V 


Y« vtf = Asin&J 


(x_ 

l v 


or Asin2^ f t 

A 


.. A . _ I X x } 
or Y.vc - Asin2/n 

It a) 


A [ 2m ) 

Asm ax — — 


or Y.vc - AsinftJi t- — 
v 


i rq t 


Where to = 2 /rf = angular speed or velocity, 
f = frequency of wave. 

T = period of wave, 
t = time. 

v = wave velocity. 

Students are advised to memorize just equations 1 and 2 as the others arc basically the 
same equation expressed in different forms. Just remember that: T= V, , V= Xf, ui = 27tf 


Example 16 

A progressive wave has a wavelength of 50cm. Calculate the phase difference between 
two points at a distance ol 20cm apart. Il. tEC 199 

Solution 

Phase difference of a wave between two points = ) 

X 

Wavelength, X = 50cm; distance from origin, v = 20cm. 

(27tv) _ 20cm 2 4 

Substitute into = 2/rx = 2/rx- ~-n 

X 50cm 5 5 
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Example 17 , , f 

The distance between two points P and Q, along a wave is 0.05m. If t ie ^ ve *^ n ^ J-io 
the wave is 0. 10m, determine (he phase angle between P and 0 in radians. 


Solution 

Wavelength, X — 0. 1 m; distance between point P and Q, x = 0.05m. 


Phase angle = 


(2?ly) 

X 


2/r x0.05m _ 0. 1 n 

(Tim ” 0.1 


Example 18 

A wave has an amplitude equal to 4.0m, angular speed 
The displacement y of the wave is given as? 

Solution 

Amplitude A = 4.0m; angular speed co = 1/3 n rads' 1 ; 
The appropriate equation is y = Asi 



'/,>[ rads' 1 and phase angle rad. 

WAEC2000- 1 



Substitute given values into the two equations. 


Y +ve - Asir^-^p - cot j = 4sin|^-y- = j = 4sin j (2 - 1 ) 
Y. ve = Asii-^ryf j = 4sin^^ - j = 4sin y (' + 2 ) 


Both answers are correct depending on the options given. If it is an essay question and 
the direction of the wave is not specified, students are advised to state both answers in the 
same way as solution to a quadratic equation, i.e. 

4 sin y (2-/) or ^-(t + 2) 


Example 19 

A travelling wave moving from left to right has an amplitude of 0.15m, a frequency of 
550Hz and a wavelength of 0.01m. The equation describing the wave is 
A. y = 0.15 sin 2007r(x- 5.5t) B. y = 0.1 5 sin 7t(0.01;c - 5.5t) 

C. y = 0. 15 sin 5.57 t(jc - 200t) D. y = 0.15sin 7t(550x - 0.0 It) 

Solution 

Frequency, f = 550Hz; amplitude, A = 0.15m; wavelength, X = 0.01m 
:. Wave speed, v = Xf = 0.01 X 550 = 5.5ms 1 

The direction of the wave is stated, “moving from left to right”. Because it is a 
positively travelling wave, we substitute into y = Asin^-(jc- v/) 


Y = 0.1 5 sin (,v-5.5t) 

0.01 

Y = 0. 1 5sin200;r(x - 5.5t) 


Example 20 

The equation of transverse wave travelling along a string is given by y = 0.3sin (0.5x - 
50t) where y and x arc in cm and t is in seconds, find the maximum displacement of the 
particles from the equilibrium position. 

A. 50.0cm B. 2.5cm C. 0.5cm D. 0.3cm JAMB 1994 2S 
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Solution 

The maximum displacement of the panicles from equilibrium position is the amplitude 
(A) of the wave. Comparing the given equation y = 0.3sin(0.S.r - SOt) with one of the 


general equation y= Asinl 


ax , It is obvious that ihc amplitude is 0.3cm. 


D. 2.50X 10 2 rads 1 


Example 21 

The equation of a wave travelling along the positive x-dircction is given by y=0.25 x 10 
sin(500t - 0.025x). Determine the angular frequency of the wave motion. 

A. 0.25X10 rads B. 0.25 X 10 'rads' C. 5.00X 10 2 rads*‘ D. 2.5C 

0 . , JAMB 1999 23 

Solution 

The given equation y = 0.25 X 1 0' 3 sin(500t - 0.025*) 

can be compared with y = Asinf^-^f 1 

A 


Therefore, cm = 500t 
2jtft = 500t 


(Remember, co = 2jif) 


f 500 t 500 250 

f = ^r— = — = = 2.50x10' rad 

2k t 2 71 n 


Example 22 

A wave is represented by the equation y = 2sin(0.5* - 200t), where all distances are 

measured in centimeters and time in seconds. For this wave, calculate its 

(i) frequency (n) wavelength (ni) speed. NECO 2000 cL1 

Solution 

Y = 2sin 7t(0.5.v - 200t) 

The above equation can be compared with any of the general equation (l, 2 or 3 in 
page 168) as long as they are arrange in such a way that it can be compared with the 
given equation. The three instances are shown below. 

I The first equation y = Asm ( t - vt) can be rearranged by taking 2 / x into the 

A. 


bracket to obtain y = ^sinf - 


2x 2vi ' 


comparable to y = 2 sin it (0.5x-200t) „ 

2x 

from equation B, 0.5* = — in equation A 

A 

cross multiplying 0.5x X A = 2x 


wavelength A '■ 


2x 


0.5* 0.5 


• = 4m 


2 vt 

similarly, from equation B, 200/ = — — in equation A 

cross multiplying and substituting X = 4m we obtain 
2vt = 200t x 4 

200tx4 200x4 800 


speed, v =- 


2t 


= 400ms" 
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400 


= lOOIIz 


From v = Xf, frequency, f = — = : 

Therefore, (i) lOOHz (ii)4m (iii) 400ms 1 

II. The second equation y = Asin2;r| - f/ J can be rearranged by taking 2 into the 


/ 2 v ^ 

bracket to obtain y = Asin^f — - 2f/ I- 


which can be compared to 


y = 2sin7i (0.5* - 200t) D 

2x 

From equation C, — = 0.5* in equation D 

Cross multiplying, 0.5* x A = 2x 

Wavelength, X = — * = — = 4m 
0.5* 0.5 


100Hz 


Similarly, from equation C, 2ft = 200t in equation D. 

. - , . r r 200t 200 

cross multiplying, frequency, f = — — = — — 

Speed, v — Xf — Ax 100 = 400ms' 1 
Therefore, (i) lOOIIz (ii) 4m (ni) 400ms' 1 


/ ^ t \ 

III. The third equation y - Asin2,o| can be rearranged by taking 2 into the 

[A T J 


bracket 


to obtain y = Asimzf— - — \ compared with 

U tJ 


y = 2sin/r(0.5* - 200t) 

Therefore: — = 0.5*; 

X 

Also: 200t = — 

T 


wavelenghU = 4m 


Cross multiplying 200t x T = 2t 


T = 


2t _ 2 _ I 
200t " 200 ” 100 


= 0.01s 


Frequency, f = — = — - = 1 00Hz 
T 0.01 

Speed, v = fA - 1 00 x 4 = 400ms' 1 

(i) Frequency = 100Hz (ii) Wavelength = 4m (iii) Speed = 400ms' 1 
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KXKRCiSK 12 


I. 



I lie diagram above shows a waveform in which energy is transferred from A to H in a 
time of 2.5x10 s. Calculate the frequency of the wave. WAEC 1992 n Ans: l.Ox Ki'Uz 



I he diagram above represents a transverse electromagnetic wave travelling with speed 
3. Ox 10 ms What is the frequency of the wave? A. 3.0xl0 7 Mz B.9.0xl0 7 Hz 

C.l.Ox 1 0°Hz D.3.0x 10°Hz JAMB 1999 25 Ans: 3. Ox I0 9 flz 

3. 



Fig. 12.14 

The diagram above illustrates the profile of a progressive wave in which energy is 
transferred from F to Q in 3.0x10 V Calculate the frequency of the wave. 

WAEC 1997 31 Ans: l.Ox itftlz 

4. In a ripple tank experiment, a vibrating plate is used to generate ripples in the 
water. If the distance between two successive troughs is 3.5cm and the wave travels a 
distance of 3 1 .5cm in l .5s, calculate the frequency of the vibrator. 

WAEC 1993 22 Ans: 6.0Hz 

5. A radio wave has a wavelength of 150m. If the velocity of radio waves in free 
space is 3xl0 K ms calculate the frequency of the radio wave. 

WAEC 2002 25 Ans: 2. Ox 10* Hz 

6 A wave of wavelength 0.30m travels 900m in 3.0s, calculate its frequency. 

WAEC lOOS" Ans: 1000 Hz 

7. The distance between two successive crests of a water wave travelling at 3.6ms’ 1 

is 0.45m, calculate the frequency of the wave. WAEC 2005 lJ J Ans: 8Hz 

8. The distance between the successive crests of a wave travelling at 20ms 1 is 25cm. 

Calculate the frequency of the wave. WAEC 2000 Ans. 80.0Hz 

9. 



Fig. 12.15 


The wave motion shown above has a frequency of 
A. 0.1 Hz B. 0.2Hz C. 5IIz D. 10! Iz I 7 .. 1 00 Hz 


JAMB 198 1 22 Ans: 5 Hz 
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10 . 



J he frequency of the wave in the diagram above is 

A. 0.2511/ H. 1.5711/ ('.0.17Hz D. 1.05 Hz JAMB 2006 Anx: 0.25Hz 

11. I he period of a wave is 0.02 second. Calculate its wavelength if its spcc> is 

330ms WAEC 1995' Sins: 6.6m 

12. Calculate the wavelength of light travelling with a speed of 3x10 ms and a 

frequency of 6.25/ I0 l4 llz. NECO 2004 n Anx. 4.H/ Kt m 

13. Radio waves have a velocity of 3 / 1 0 K ms 1 A radio station sends out a broadcast 

on a frequency of HOOKIIz. Ibe wavelength of the broadcast is ^ 

A. 375.0m H. 267.0m C. 240.0m I) 37 5m I-. 26.7m JAMB HJH4 4 Anx: 375 0m 

14. Ihc wavelength of signals from a radio transmitter is 1500m and the frequency is 
200KII/. What is the wavelength fora transmitter operating at lOOOKHz. 

A. 7500m H. 300m C. 75m I). 15m JAMB 1WS 2 * Ans: 300m 

15. Sixty complete waves pass a particular points in 4s. If the distance between three 
successive troughs of the waves is 1 5m, calculate the speed of the wave 

WAEC / 995 2H Ans: 112.5ms 

16. The distance between two successive crests of a water wave is 1 m. If a particle on 

the surface of the water makes two complete vertical oscillations in one second, calculate 
the speed of the wave WAEC 1996 37 Ans: 2.0ms 1 

17. The distance between two successive crests of a water wave is 0.5m. If a particle 

on the surface of the water wave makes two complete vertical oscillations in Is, calculate 
the speed of the wave. NECO 2003 33 Ans: 1.0ms 1 

18. What is the frequency of a radio wave of wavelength 1 50m if the velocity of radio 

waves in free space is 3x 1 0*ms '? WAEC 1997 24 Ans: 2x l(f'Hz 

19 . I hc distance between two points in phase on a progressive wave is 5cm. If the 

speed of the wave is 0.20ms' 1 , calculate its period WAEC 2005 27 Ans: 0.25s 

20. If the wavelength of a wave travelling with a velocity of 360ms 1 is 60cm, the 
period of the wave is 

A. 6s B. 3.6s C. 0.1 7s D.0.6ls H. 3s JAMB 1979” Ans: 1.67x1 (f 3 s 

21 . A wave travelling with a speed of 360ms 1 has a wavelength of 60cm. The period 

of the wave in second is? NECO 2007 25 Ans: 1. 7x HI 3 

22 . The distance between two successive crests of a wave is 0.664m. If the wave 
travels 43.2m in 1 .2 seconds, calculate the (a) speed (b) frequency of the wave. 

NECO 200T 6 Anx : (a) 36ms 1 (b) 54.22Hz 

23. In the wave equation y = E o sin(200t - i u) E„ represents 

A Amplitude B. frequency C. period I), wavelength. WAEC 2002 26 Ans: A 

24 . ITic equation of a wave is y = 0.005sin[x(0.5.x - 200t)] where x and y arc in 
meters and t is in seconds. What is the velocity of the wave? 

A. 4000ms 1 B. 400ms 1 C. 250ms 1 D.40m.s'' JAMB Cm 20 Anx: 2 50ms 1 

Hint: y« Asin( 2 "7* - cjt). 

25 . A progressive wave equation is represented by y = Asin(1507tt - nx / A ). If the 
phase difference of a progressive wave is 45°, the value of x in the equation is 

A. 2cm B. lem C. 4cm D. 3cm JAMB 2006* Ans: lem 

26 . f he equation, y = Ssinf 3 jt 4t), where y is in millimeters, x is in meters and t is In 

seconds represents a wave motion. Determine the (i) frequency (ii) period and (ni) 
speed of the wave. WAEC 2004 l,i Ans: (i) 0 6Hz (ii) 1 56s (Hi) 1.34ms' 


269 




27. The relationship between L and the wavelength X of the stationary wave is 

A. 2L = X B. L = X C. L = X / 3 D. 4L = 3X. Ans: D 

28. Determine the distance between consecutive antinodes XX if the wavelength is 
60cm. A. 15cm B. 30cm C. 60cm D. 120cm Ans: 0 

29. The equation y = Asin(r<t- k*) represents a plane wave traveling in a medium 
along the r - direction, y being the displacement at the point x at time t. 

i Given that x is the meters and t is in seconds, state the units of k and w. 

ii- What physical quantity does — represent? 

k 

lii. State whether the wave is traveling in the positive or negative direction x 
direction. WAEC 2008 

Ans: (l) k(m ’), w (rad s' 1 , s' 1 or Hz) 

(ii) "/ - Speed of wave 
(lii) positive direction 

30. Given the progressive wave equation y- 5 sin( 200/7 /- 0.4.r) , calculate the 
wavelength A. 12.4m B. 15.7m C. 12.5m D. 18.6m JAMB 2008 Ans: 15.70m 

31. The diagram below represents a stationary wave pattern 



Fig 12.18 

The distance XY represents 

A. One and a half times the wavelength. 

B. The wavelength 

C. Three times the wavelength 

D. Twice the wavelength 

E. Two and a half times the wavelength NECO 2008 26 Ans: E 

32. A progressive wave is represented by y = 10 sin (lOOzrt - Two layers of 
the wave separated by 1 53cm have a phase difference of 

A. 270° B. 45° C. 90° D. 1 80° JAMB 20<)</ 7 Ans: D 

33. If a light wave has a wavelength of 500nm in air, what is the frequency of the 
wave? 

A. 3.0 x 10 14 Hz B. 6.0 x 10 14 Hz C. 6.0 x 10 12 Hz 

1). 2.5 x 10 14 Hz (c - 3 x 10 8 rns* 1 ) JAMB 2009 in Ans B 

34. A boat is rocked by waves of speed 30ms' 1 whose successive crests are 10m apart 
Calculate the rate at which the boat receives the waves WAEC 20() ( ) :s Ans: 3s 1 

35. A plane progressive wave is represented by the equation 

y = 0.2 sin(2007r - 0.5*) where * and y are measured in cm and / in v. What is the 
frequency of wave'* NECO 200 9* ' Ans 1 00th 
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13 


REFLECTION OF tTCHTWAVES^ 

Formation of images by a pinhole camera, plane and spheiica , surfaces and 
the facts that light travels in a straight line and can be reflec e 


THE PINHOLE CAMERA: MAGNIFICATION 

The magnification (M) of a pinhole camera is given as: 


^ _ image height _ image distance from pinhole 
object height object distance from pinhole 
lenght of camera 
object distance from pinhole 


Any, or a combination of the above formulas can be used when solving problems 
involving a pinhole camera. 


Example 1 

A boy 1.5m tall stands 2.0m in front of a pinhole camera of length 20.0cm. C alcuiate the 
height of his image. NECO 2006 

Solution 

Object height = 1 .5m, object distance from pinhole = 2.0m 
Camera length = 20cm = 0.2m; height of image = ? 


Substitute into 


Image height = 


image height _ camera length 

object height object distance from pinhole 
image height _ 0.2m 
15m 2.0m 

1 5 A° 2 = q 'Sm or 15cm 


REFLECTION OF LIGHT AT PLANE SURFACES 



When a ray of light is incident upon a plane mirror AB shown above, the followim* are 
true. ’ - re 

1 . LN is the incident ray MN is the reflected ray and ON is the normal 

2. The angle of incidence (i) is equal to the angle of reflection (r). That is. i = r 
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3. The angle (0) between the incident ray and the plane mirror is cal e t e 
glancing angle, and is always equal to the angle between the reflected ray an 
the plane mirror, MNB. 

4. The angle of deviation d = 180 - (i + r). Because i = r, the angle of deviation 
could be, d = 1 80 - 2i or d = 1 80 - 2r. 


Example 2 



The diagram above shows a ray of light IK incident on plane miiror at K- Calculate the 
angle of deviation of the ray after reflection. WAEC I i 

Solution 



Therefore, angle of deviation, d = 1 80 - 2i = 1 80 - 2x 55 

= 180-110 = 70° 


Example 3 

A ray of light strikes a plane mirror at a glancing angle of 55°. Calculate the angle 
between the incident and reflected rays. NECO 2006' 8 

Solution 



Angle of incidence i = 90 - 55 = 35° 

Angle of reflection r = 35° 

Angle between incident and reflected ray is, i + r. 

i + r = 35 + 35 = 70° 
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Example 4 



Solution 



Any time an incident ray is reflected on a plane mirror, a normal perpendicular (at 90°) to 
the minor can be drawn. 

EC is the normal between incident ray BC and reflected ray CD. 

EB is the normal between incident ray AB and reflected ray BC. 

Angle ABE = 90° -30° =60° 

Angle EBC = 60° (Angle of incidence = Angle of reflection) 

Angle CBF =90° - 60° = 30° 

Angle BCF=180°— (90 + 30°) = 180° - 120° = 60° (sum of angles in a triangle is 180°) 
Angle BCE =90° -60° =30° 

Angle ECD =30° (Angle of incidence = Angle of reflection). 

Angle DCG =90° - 30° = 60° 

Therefore, angle of reflection at minor m 2 = ECD =30° 

Example 5 


P 



Fig. 13.7 
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Two nrirrors of the same length are arranged as shown in the diagram above. A 
ray of light NO strikes the system at O and emerges along PQ. The emergent ray has 
been deviated through 

A 220° B. 200° C. 210° D. 180° E. 230° JAMB 198 2 J6 

Solution 



The incident ray ON that emerges along PQ has been deviated twice; through angle d| 
and d 2 as shown above. Therefore, the emergent ray will be deviated through d| + d? — D. 
Remember, angle of deviation, d = 1 80 - 2i or 180 — 2r. 

The angles of incidences and angles of reflection are found in ways similar to 
those in example 4. 

Angle of incidence (i) or ray NO is 50°. Therefore, d| = 180 - 2i = 180 - 2 x 50 = 180- 
100 = 80° 

Angle of incidence of emergent ray PQ is 40°. Therefore, d 2 = 1 80 - 2i = 180 - 2 x 40 = 
180-80= 100° 

Angle of deviation of the emergent ray D = d) + d 2 = 80 + 100 = 1 80°. 


Example 6 

An object is placed 10cm in front of a plane mirror. If it is moved 8cm farther away from 
the mirror, determine the distance of the final image from the mirror. WAEC 2007 31 
Solution 

When an object is placed in front of a plane mirror, the size of the image formed is the 
same size as the object. Also, the distance (u) of the object from the mirror is always 
equal to the distance (v) of the image from the mirror. 

That is u = v. 

Object distance from mirror, u = 10 + 8 = 1 8cm. Therefore, image distance v = 18cm. 


Example 7 

A man stands 4m in front of a plane minor. If the minor is moved lm towards the man, 
the distance between him and his new image is A. 3m B. 5m C. 6m D. 10m 

JAMB J999 20 

Solution 

When the minor is moved lm towards the man, the object distance becomes 4-l=3m. 

The image distance from the minor is also 3m. Therefore, distance between the man and 
his image is 3 + 3 = 6m. 
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IMAGE FORMED BY INCLINED MIRRORS 

When two mirrors are inclined at an angle (0) to each other, the number (n) 
image formed is given by 

360 , 

n = 1 

0 

Example 8 <• . ^ facing 

A candle is place between two mirrors which are inclined at an angle oi 

each other. How many images will be observed in the two mirrors? 

Solution 

Angle of inclination, 0 = 72° 

360 

Substitute into n - _ ] 

0 

-J Hf\ 

Number of images, n = i 1 

72 

n = 5-1=4 


Example 9 

At what angle © will 2 plane mirrors be inclined so that 1 1 images will be formed w en 
an object is placed in front of the two mirrors? 

Solution 


Number of image n = 1 1 
Substitute into 


360 , 

n = 1 

0 

360 

ll= — -1 
0 


11 - 1-1 = 


12 = 


360 

0 

360 


S = ^ = 30‘ 
12 


ROTATION OF PLANE MIRRORS 

When a ray of light is incident on a plane mirror and the mirror is rotated through 
an angle 0 while keeping the incident ray constant, the following are true. 



is i + 0 or INN 2 . 
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1 . The angle between the initial normal (NN|) and the final normal (NN 2 ) is equal to the 
angle of rotation 0. 

2. The angle of reflection before rotation is r or R 1 NN 1 . The angle of reflection after 
rotation is i + 0 or R 2 NN 2 . 

3. Angle between the incident ray and the final reflected ray is (i + 0) + (i + 0) = 2(i + 0). 

4. The reflected ray is rotated through twice the angle of rotation, 20, or R 1 NR 2 as shown 
in the diagram above. 

5. The angle between the normal after rotation and the initial reflected ray is i-0 if angle 
of rotation is less than initial angle of incidence or 0 - i if angle of rotation is greater 
than initial angle of incidence. 

Example 10 

A ray of light is incident on a plane mirror at an angle of 20° This mirror is rotated 
through twice this angle. In this new position, the angle between the incident ray and the 
reflected ray is? WAEC 1999 21 

Solution . 

Angle of incidence i = 20°; angle of rotation 0 = 2x1 = 2x 20 = 40° (...rotated through 
twice — ). Angle between incident ray and new reflected ray = 2 (i + 0) = 2 (20 + 40) = 2 
x 60 — 1 20° 

Example 1 1 

An incident ray is reflected normally by a plane mirror onto a screen where it forms a 
bright spot. The mirror and screen are parallel and lm apart. If the mirror is rotaled 
through 5°, calculate the displacement of the spot. WAEC 2001 23 

Solution 

Let x be the displacement of the spot. Angle of rotation 0 = 5°. Angle through which 
reflected ray rotates = 20 = 2 x 5=10°. 



x = Tan 10° x l = 0.176m or 17.6cm 

Example 12 

A ray of light is incident normally on a plane mirror. If the incident ray is kept fixed 
while the minror is rotated through an angle of 30°, determine the initial and final angles 
of reflection respectively. WAEC 2005 JI 

Solution 

When a ray of light is incident normally (at 90°) on a plane mirror, the angle of incidence 
and the angle of reflection are zero. That is, i = r = 0. If the mirror is rotaled through 30°, 
the final angle of reflection 20 becomes 2 x 30 = 60°. 

Therefore, the initial and final angles of reflection respectively are 0° and 60° 
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Example 13 . r 1 5 - w ith a fixed line AY which 

In the figure below, an incident ray XY moke* an an** ^ ^ intUcatc d by the .now 
is normal to the surface of a plunc mirror. If the m,rro |, IS y 7 

through 40°, what angle will the reflected ray make wi JAMB JW2' 

A. 25° B. 40° C. 15° D. 55 

Y 


Fig. 13.11 

X A 

Solution =15° 

XY is the incident ray. Angle of rotation 0 = 40°; angle of incidence 1 • 

The angle that the new reflected ray makes with AY (normal before r 10 
i + 0 + 0 or i + 29 = 15 + 2 x 40 = 95°. 



SPHERICAL MIRRORS: CONCAVE AND CONVEX 


The following formulars, expressions and rules are used in solving concave and convex 
mirror problems. 

I. Focal length = Vi radius of curvature. That is f = r / 2 

II. Relationship between the object distance u, image distance v and focal length f is 
given by mirror equation! 

uv 


III. 


! + I = I 

u v f 


or 


u + v 


Magnification M - imagc height _ image distance from lens 
object height object distance from lens 


That is, M = — 
u 

• A convex mirror has negative focal length. 

• A concave mirror has positive focal length 

• Image distance in a convex mirror is negative. 

• Image distance in a concave mirror is positive except when the object distance 
is less than the focal length (sec example 1 7). 

• Distances of real objects and images are positive. 

• Distances of virtual objects and images are negative. 


Example 14 

The image of an object is located 6 cm behind a convex mirror 
calculate the focal length of the mirror. 

Solution 


If its magnification is On. 
W A EC 1 <)')<> 


Image distance, v = - 6 cm; magnification M = 0.6; ( <u:a | f _ ? 

Object distance u is obtained by substituting into M = — 

u 


0.6 


— 6cm 
u 



~I0<7/| 
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Substitute above value into f = 


uv 


to obtain 


u+ v 

r - 10x-6 60 _ 60 

Focal length f- = 

f= - 3.75cm 

The negative sign shows it’s a convex mirror. 


Example 15 

An object is placed in front of a concave mirror whose radius of curvature is 1 2cm. If the 
magnification of the imag e produced is 1 .5, how far is the object from the mirror? 

NECO 2005 28 

Solution 

Magnification M = 1.5; radius of curvature r = 12cm; focal length f = l2 / 2 = 6cm; 

Object distance u = ? 

y 

Substitute into M = — to obtain 1 .5 = 7 U . 

u 

Therefore image distance, v = 1 ,5u 

Substitute into f = — ^ - V to obtain 

u+ v 

6 uxl.5u _ 1.5u 2 _ 1.5u 
~ u+1.5u ~ 2.5u ~ 2.5 



2.5 

1.5u = 6 x 2.5= 15 
1.5 

u= — - 10cm 
1.5 


Example 16 

A concave mirror of radius of curvature 40cm forms a real image twice as large as the 
object. The object distance is A. 30cm B. 40cm C. 60cm D. 10cm JAMB 2002 28 

Solution 

Radius of curvature, r = 40cm f= r / 2 = ^2 - 20cm. 

Object distance, u = ? Magnification, M = 2, because image is twice (2x) the object. 

w image size (v) 9 _v , 4 

M = = . . image dis tan ce, v - 2 u 

object size (u) u 

uv 

substitute into I = to obtain, 

U + V 


20 = 


ux2u 
u + 2u 


2u 2 

3u 



2u = 20 x 3 = 60 

60 ™ 
u = — = 30cm 

2 
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Example 17 _ f focal length 1 5cm. What is the 

An object is placed 10cm in front of a concave mnTor g 6cm and real 

position and nature of the image formed? A. 30cm an JAMB J988 32 

C. 6cm and virtual D. 30cm and real. 

Solution _ Jictanc* v — ? 

Object distance, u = 10cm; focal length, f = 1 5cm, imag^ 


Substitute into f = 


15 = 


UV 

U + V 
lOxv 


to obtain 


10+ v 

Cross multiplying, 15(10 + v) = 10 x v 

150+ 15v= lOv 

150 = lOv - 15v = 

-150 1A 
v = = -30cm . 


-5v 


If the image distance of a concave mirror is negative, it means that the image is virtual. 


Example 18 

Which of the following expressions gives the linear magnification produced by a concave 
mirror of radius of curvature r, if u and v are the object and image distances respectively? 

A. --1 B. — -l C. --1 D. — -1 JAMB 1993 26 

r r r r 

Solution 

Radius of curvature = r Focal length, f = Vi r ; Linear magnification = 7 U 

Substitute into — = — + — 
f u v 

!=I + I 

U V 

2 b ! I 
r u v 

multiply both sides by v 

2v ^ v 
r u r 


2v 


r 



make 7 U subject of above equation to obtain linear magnification, 
v 2v 

Linsar magnification, — 1 

u r 


Example 19 

The driving mirror of a car has a radius of curvature of lm. A vehicle 
4m from the mirror. Find the image distance behind the mirror 
A. */ 7 B. % C. 9 / 2 D. *h 

Solution 

Driving mirrors are usually convex mirrors. Radius of curvature, r = 1 m 


behind the car is 
JAMB 200 1‘ 4 
f=Vz 
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1. The angle between the initial normal (NNj) and the final normal (NN 2 ) ,s e 9 u 

angle of rotation 0. n . 

2. The angle of reflection before rotation is r or R|NN|. The angle of re lec ion a.. 

rotation is i + 0 or R 2 NN 2 - 

3. Angle between the incident ray and the final reflected ray is (i + 0) + (i + 0) ” 2(i + ) 

4. The reflected ray is rotated through twice the angle of rotation, 20, or R 1 NR 2 as shown 
in the diagram above. 

5. The angle between the normal after rotation and the initial reflected ray is i-0 if angle 
of rotation is less than initial angle of incidence or 0 - i if angle of rotation is greater 
than initial angle of incidence. 

Example 10 

A ray of light is incident on a plane mirror at an angle of 20° This mirror is rotated 
through twice this angle. In this new position, the angle between the incident ray and the 
reflected ray is? WAEC 1999 21 

Solution 

Angle of incidence i = 20°; angle of rotation 0 = 2 x I = 2 x 20 = 40° (. ..rotated through 
twice....). Angle between incident ray and new reflected ray = 2 (i + 0) = 2 (20 + 40) = 2 
x 60 = 120° 

Example 11 

An incident ray is reflected normally by a plane mirror onto a screen where it ft 'ms a 
bright spot. The minor and screen are parallel and lm apart. If the minor is rotated 
through 5°, calculate the displacement of the spot. WAEC 2001 23 

Solution 

Let x be the displacement of the spot. Angle of rotation 0 = 5°. Angle through which 
reflected ray rotates = 20 = 2x5 = 10°. 


» \ \ 



x 


From triangle ABC, Tan 10° = y- 

x - Tan 10° x 1 = 0.176m or 17.6cm 

Example 12 

A ray of light is incident normally on a plane minor. If the incident ray is kept fixed 
while the minor is rotated through an angle of 30°, determine the initial and final angles 
of reflection respectively. WAEC 2005 31 

Solution 

When a ray of light is incident normally (at 90°) on a plane minor, the angle of incidence 
and the angle of reflection are zero. That is, i = r = 0. If the minor is rotated through 30°, 
the final angle of reflection 20 becomes 2 x 30 = 60°. 

Therefore, the initial and final angles of reflection respectively are 0° and 60°. 
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Example 13 s « wllh a fixed line AY which 

In the figure below, an incident ray XV makes un ung e ‘ ■ ^ ^ indicated by the arrow 

is normal to the surface of a plunc minor. If the mirror is 

through 40°, whal angle will the reflected ray make with • jaMB / 9N2' ' 

A 25° B. 40° C\ 1 5 U D. *' 



Solution o 

XY is the incident ray. Angle of rotation 0 = 40“; angle of incidence < * 

The angle that the new reflected ray makes with AY (normal before rotation ) > s 
i + 0 + 0 or i + 20 = 15 + 2x 40 = 95° 


SPHERICAL MIRRORS: CONCAVE AND CONVEX 

The following formulars, expressions and niles are used in solving concave and convex 
mirror problems. 

I. Focal length = Vi radius of curvature. That is f = r / 2 

II. Relationship between the object distance u, image distance v and focal length f is 
given by mirror equation; 


U V f U + V 

Magnification M - Image height _ image distance from lens 
object height object distance from lens 

That is, M = - 
u 

• A convex mirror has negative focal length. 

• A concave mirror has positive focal length. 

• Image distance in a convex mirror is negative. 

• Image distance in a concave mirror is positive except when the object distance 
is less than the focal length (sec example 1 7). 

• Distances of real objects and images arc positive. 

• Distances of virtual objects and images are negative. 


Example 14 

The image of an object is located 6cni behind a convex mirror It its magnification i t 
calculate the focal length of the mirror. ^ ^ ^ s 

Solution 

Image distance, v = -6cni; magnification M 0.6; f 0 cal length f ’’ 

Object distance u is obtained by substituting into M = — 

u 


0.6 = ^ 


u 


N = - - I (If 71 / 

0.6 
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Substitute above value mlo 


II v 

u-f v 


lii obtain 


local length 


I Ox (> fiO 00 
10 I ( 6) 10 <) Mi 


I 3. 7. Sc m 

I he negative sign shows it‘s u convex mirror. 


Kx« mple 15 

An ohjecl is placed in front of a concave mirror whose radius of curvature is 12cm. If the 
magnification of the image produced is 1 .5, how far is the object from the mirror? 

NIA 'O 2M5 2 * 

Solution 

Magnification M 1.5; radius of curvature r 12cm; focal length f e 1 !i~ bem; 

Object distance u * ? 

Substitute into M = - to obtain 1 .5 = 7 1J( 
u 

Therefore image distance, v = 1 .5u 

Substitute into f = to obtain 

u+ v 

(] _ uxl.Su _ 1.5u 2 _ 1 .5u 
u + 1.5u 2.5u 2.5 



1 5u = 6 x 2.5 = 15 


u = — = 1 Ocm 
1.5 


Example 16 

A concave mirror of radius of curvature 40cm forms a real image twice as large as the 
object. The object distance is A. 30cm B. 40cm C. 60cm I). 10cm JAMB 2002 2 * 

Solution 

Radius of curvature, r = 40cm f = / 2 = li - 20cm. 

Object distance, u = ? Magnification, M 2, because image is twice (2x) the object. 

M image sizcjV) = 2 = - .-. ima^e distance, v = 2u 

object size (u) u 

uv 

substitute into f — to obtain, 

U + v 


20 = 


ux2u 
u + 2u 


2u l 

3u 



2u = 20 x 3 = 60 


60 

u = — = 30cm 

2 
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Example 17 r c r»l lencth 15cm. What is the 

An object is placed 10cm in front of a concave mirror ot to ^ ^ cm an( j rea i 

position and nature of the image formed? A. 30cm and virtua JAMB 1988 32 

C. 6cm and virtual D. 30cm and real 

Solution __ 9 

Object distance, u = 10cm, focal length, f= 1 5cm; image distance, v 


Substitute into f = 


15 = 


uv 

U + v 
lOx v 


to obtain 


10 + v 

Cross multiplying, 15(10 + v) = 10 x v 
150 + 15v= lOv 
150= lOv- 15v = 
*150 

v = = -30 cm . 


-5v 


2u 

r 


Linear magnification = v / u 


If the image distance of a concave mirror is negative, it means that the image is virtual. 

Example 18 

Which of the following expressions gives the linear magnification produced by a concave 
mirror of radius of curvature r, if u and v are the object and image distances respectively? 

— — M —--t 1 JAMB 199 3 26 

r r r 

Solution 

Radius of curvature = r Focal length, f = V 2 r ; 

Substitute into — = — + — 
f u v 

1 = 1 + 1 

A u v 

2 = l + i 

r u v 

multiply both sides by v 

2v v v 

r u v 


2v v , 

— = — + 1 
r u 

make v / u subject of above equation to obtain linear magnification 

Linear magnification, — = — - 1 
u r 


Example 19 

The driving mirror of a car has a radius of curvature of lm a i 

4m from the minor. Find the image distance behind the mirror ° >C ,h ‘ Cl " 

A. % B. % C. \ D. 4 / 7 

Solution JAMB .aoi 1 ' 

Driving mirrors are usually convex mirrors. Radius of curvature r = 1 m 
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14 

REFRACTION OF LIGHT WAVES 

LAWS OF REFRACTION AND REFRACTIVE INDEX 

Refraction is the bending or change in direction of a light ray as a result of change in the 
speed of light when it passes from one medium to another. 

A 


Fig. 14.1 

AB incidence ray; 1 = angle of incidence 
BC = refracted ray; r = angle of refraction 
CD = emergent ray; e = angle of emergence 
d = angle of deviation of incidence ray = i — r 

The laws of refraction are as follows: 

1 . The incident and refracted rays are on opposite sides of the normal at the point 
of incidence and all three are in the same plane. 

2. The ratio of the sine of the angle of incidence (i) to the sine of the angle of 
refraction (r) is a constant for a given pair of media. This is also known as 
Snell’s law and is stated thus. 

— =n 

sin r 

fl = is known as the refractive index of the second medium with respect to the first 
medium. Air and glass are used as typical examples of a pair of media. It could be 
different. General equations for refractive index are as follows: 



(a) 

(b) 

(c) 


Refractive index of glass, a n g 


sin i in air 
sin r in glass 


Refractive index of air, y f| a 


sin i in glass 
sin r in air 


Therefore, 


fl =-jr- or 

a 1 1 K 




speed of light in air ^ _V, 

3 g speed of light in glass a g V K 


p wavelengthof light in air 
a 8 wavelengthof light in glass 
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While the speed and wavelength ol light change t ,on 
frcQueno' remainaun eh anj>i‘d- 


the other, the 


Example 1 

A beam of light is incident from air to water at an 
refraction if the refractive index of water is /v 
A. 15° B. 18° C. 22° D. 24~ 

Solution 4 

Angle of incidence i = 30 o; refractive index 0 = U\ 

Substitute into f| = — — to obtain 


sin r 
4 _ sin 30 
3 sin r 

cross multiplying, sin r x 4 = 3 x sin 30° 
3x0.5 1.5 nr7 . 

4 4 

Angle of refraction r = sin'0.375 = 22° 


angle of 30° Find the angle of 
JAMfi 19<)V‘ 

angle of refraction r = ? 


Example 2 



The figure above shows the path of light passing through a 
refractive index of the glass. 

Solution 

Angle of incidence i = 90 - 30 = 60°; Angle of refraction r = 


glass block. Calculate the 
NECO 2000 27 

90 - 60 = 30° 


Refractive index f| = — — 
sinr 


sin 60° 
sinJO* 


0.866 

0.5 


1.73 


Example 3 


Normal 



Fig 14.3 
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A ray of light is incident on a glass block as shown in ihe diagram above. If ^ of the 
and the refracted rays arc perpendicular to each other, what is the refractive in ex o 
glass relative to air? " AhC 

Solution 

Angle NOB = 56° (angle of incidence AON = angle of reflection BON) 

Angle of refraction COD = 180 - (90 + 56) = 34° 
l = 56° and r = 34° 



D ^ sini sin 56° 0.829 AQ 

Refractive index of glass, f = = = 1 .48 

° * sinr sin 34° 0.559 

Example 4 


Fig. 14.5 


A 



The diagram above shows an incident ray AO inclined at an angle of 50° to the interface 
CB. The refractive ray OB is found to lie along the surface. What is the refractive index 
of the medium X with respect to air? 

sin 50° _ sin 40° ^ sin 90° ^ sin 40° ^ sin 90° 


sin 40° 


B. 


sin 50° 


C. 


D. 

sin 50° 

Solution 


sin 90° 


E. 


sin 40° 


WAEC 1990* 2 


L 



Fig. 14.6 


A normal LM is drawn through O as shown in the diagram above. 

Angle of incidence i - angle AOM = 90° - 50° = 40° 

Angle of refraction r = angle BOM = 90° 

If you were asked to find the refractive index of air, your answer will be: 
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~ _ sin of angle of incidence in medium \ _ 

smof angle of refraction in air s,n ^ 

However, you are a^ked to find the refractive index ol me ^ ^ ^vomes the 

air. So. based on the principle of reversibility of light, the re rae e 

incident ray and the incident ray becomes the refracted ra> . 

sin of ancle of incidence in_air __ sjn 

Refractive index of medium X. .11. ~ — : : — ^ ~ c r^i rtnm v Sin40 

i of ancle of refractionin a 


sine 


Note that 


• a= 7T 

1 1 '* 


Example 5 

A ray of light is incident at an angle of 30 l at an air-glass interface. 

(t) Draw a ray diagram to show the deviation of the ray in the c*ass. 

(ii) Determine the angle of deviation, [retractive index of ~>Q05' ,j 

Solution 

Angle of incidence i = 30°; ,f\. = 1 .5 



sin30° 

sinr 


0.5 

sin r= — 


1.5 


0.333 


r = sin '‘0.333 = 19.5° 


Angleof dev iation d = i - r = 30-19.5= 10 5° 


Example 6 

A ray of light is inclined ai angle of 30“ on one top surface of a parallel-sided -I ks of 
refractive index 1.5. The ra> finally emerges from the low surface What is thAn.n.l-.r 
deviation of the emerged ray? A 60° B. 39° C. 28° D 0° Jl\!B ' * 

Solution 

When a light ray passes through a rectangular gla>s block, the incident and the -met- -m 
rays are parallel to each other There is no deviation or change in the direction of" ,e 
emergent ray w hen compared with the incident ray. Therefore! the an-ul.ir dev union of 
the emergent ray w ith respect to the incident ray is zero. (. tn\ a i 


Example 7 

The absolute refractive indices of glass and water are and 4 . iesjvefi\el\ 

refractive index at the interface when a ray travels from water to class is 

A. Vi B.% C.% D. 17 /,: 1.2 ' ' /M , 
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Solution 

The absolute refractive index of a medium is the value of H when the first medium is a 
vacuum. Therefore, for glass =3/2; for water a fl vv = 4/3. 

Refractive index of glass. 


p speed of light in air 
“ speed of light in glass 


3x10* 

V. 


Speed of light in glass, V ,= 


2x3xl0 8 _ 3 x 1 0 8 x 2 
3 " 3 


Refractive index of water, .fl. = spccd of light ■" alr 

speed of light in water 

4 __ 3x10 s 
3 " V. ' 

Speed of light in water, V = j x 3 x 1 0 
* 4 


Refractive index ot ray from water to glass, w f| = * n wate _ r _ 

p speedof light in glass V, 

3x3x10 s 3 x 1 0* x 2 

= 

4 3 

_ 3x3x10 s 3 _ 3x3 

4 3x 10' x 2 " 4x2 



Example 8 

The velocities of light in air and glass are 3.0 x 10 x ms*‘ and 1.8 x 10 8 ms 1 respectively. 
Calculate the sine of the angle of incidence that will produce an angle of refraction of 30° 
for a ray of light incident on glass. IVAEC 1988 :s 

Solution 

Velocity of light in air, V 3 = 3.0 x I0 8 ms 1 
Velocity of light in glass, V g = 1 .8 x 10*ms 1 
Angle of refraction r = 30° 

Sine of angle of incidence, sin i = ? 

Pl sin i _ velocity of light in air 
a K sinr velocity oflight in glass 
sin i 3 x10 s 

" sin 30 7 ’ 1.8xl0 8 


sin i = 


sin 30° x 3.0 x 10* 
1.8x10 s 


0.5x3 

1.8 


L5 

1.8 


=0.83 


Example 9 

I K .'.peed of light in vacuum is 3 x 10 ms . II the refractive index of a transparent 
liquid is 4 /j?, then the speed of light in the liquid is A. 0.44 x 1 0 x ms" 1 B. 2.25 x 
1(/W l C. 3.0 x lO' ms 1 D 4.0 x 10W E. 4.33 x 10W JAMB 1983 46 

Solution 

Speed oflight in vacuum V a = 3.0 x 10 8 ms Speed oflight in the liquid Vl =? 
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Refractive index 0 = 4 / 3 
V 

Substitute into f) = — - to obtain 


4 _ 3x 10* 

3" V L 


Speed of light in the liquid 


V L = 


3xl0 8 x3 ^ 7rSxl Q 8 ms -' 
4 


Example 10 refractive index fl. If the 

Light of velocity 3.0 x 10 8 ms is incident on a material of retr 

velocity of light is reduced to 2.4 x lO^ns* 1 in the material, what is taur 1QQ7 35 

A. 2.33 B. 2.25 C. 1.33 D. 1.25 JAM* J*. 

Solution 

Velocity of light at incidence V a = 3.0 x 10 8 ms‘ l 
Velocity of light after refraction V K = 2.4 x 10 8 ms 1 

n f • j n V . 3.0x10* ... 

Refractive index fl = — L = r = 1 -25 

V R 2.4x10* 


Example 11 

A glass plate 0.9cm thick has a refractive index of 1 .50. How long docs it take for a pulse 
of light to pass through the plate? A. 3.0 x 10' l0 s B. 3.0 x 10 n s C. 4.5 x 10 s 
D. 4.5 x 10-"s [c=3.0 x 10W] JAMB 2007‘° 

Solution 

Glass thickness or length = 0.9cm; D - 1 .5 ; V a = 3.0 x 1 0 8 ms*‘ 


p velocity of light in air (V) 
velocity of light in glass ( V. ) 

3.0x10* 


1.5 


V = 


3.0x10” 

1.5 


= 2x10 ms 1 


The speed of light in glass is V = 2 d 10 8 ms'' 
Length (distance) of glass is d = 0.9cm = 0.009m 

, . distance distance(d) 

From velocity = ,,r "~ 


time - 


time velocity(v) 

Time taken to pass through glass, 


d _ 0,009 
v~ 2x10* 


4.5xl0' n s 


Example 12 

Surface waves travelling in deep water at 15ms' 1 are incident at a shallow water 
boundary. If the angles of incidence and refraction are 45° and 30° respectively calculate 
the speed of the waves in shallow water. 

Solution 

Wave speed in deep water V D = 1 5m/s Angle of refraction r = 30°; 

Angle of incidence i = 45° Wave speed in shallow water V s = ? 

sin i V n 

Substitute into = — 

sin r V s 
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sin 45° _ 15 
sin30° ” V s 

Wave speed in shallow water V s 


sin 30 ° x 15 
sin 45 


10.6ms 


Example 13 i h f 

A light wave travels from air into a medium of refractive index 1.54. If the wave 
the light in air is 5.9 x 10 7 m, calculate its wavelength in the medium. WAEC 1 

Solution 

wavelenghtof ligth in air 
wavelenght of light in meduim 
5.9xl0' 7 


Refractive index - 


1.54 = 

wavelength of light in meduim 

5 9x1 O* 7 

wavelenght of light in meduim = — — 3 83 x 1 O' 7 m 

1.54 


Example 14 

An electromagnetic wave of frequency 5.0 x 10 ,4 Hz is incident on the surface of water of 
refractive index 4 /j. Taking the speed of wave in air as 3.8 x 10 8 ms *, calculate the 
wavelength of the wave in water. WAEC 1998 39 

Solution 

Frequency f= 5.0 x 10 l4 Hz; refractive index H = 4 /j ; Wave speed V = 3.8 x 10 8 ms 1 


V 3 8x 10 8 

FromV = Xf, wavelength in air, X - — = — = 6.0x 10‘ 7 m 

f 5.0x 10 

^ wavelength of wave in air (X a ) 

wavelength of wave in water(X^ ) 

4 _ 6.0 x 10~ 7 
3 ~ 


6.0X10 7 3x6.0x10 7 


= 4.50x 10“ 7 m 


REAL AND APPARENT DEPTH 

Refractive index (Pi) is related to real and apparent depth by the following 
equation; 

^ _ Real (actual) depth 
Apparent depth 

That is, D = — - 
A 

Lateral displacement or apparent (upward) displacement of an object placed under 
a glass block or in a pool of liquid is given by; 

Apparent displacement — Real depth - Apparent depth 

That is, a = R - A 

For example, the apparent upward displacement of a point object placed under a 
rectangular glass prism of thickness d and absolute refractive index D is derived as 
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follows: 

Real depth = d; 


refractive index = fl 


Refractive index = 


Real depth 


Apparent depth = 


Apparent depth 

Real depth 


Refractive index fl 
Apparent displacement = Real depth - Apparent depth 



Qd-d d(fl-l) 

n ~ n 


Example 15 

A transparent rectangular block 5.0cm thick is placed on a black dot. The dot w en 
viewed from above is seen 3.0cm from the top of the block. Calculate the re 
index of the material of the block. WAEC l 

Solution 

Real depth R — 5.0cm; Apparent depth A = 3.0cm 


Refractive index, 




Example 16 



Calculate the refractive index of the material of the glass block shown in the diagram 
above if YZ = 4cm. WAEC 199 1 25 

Solution 

Real depth or height (XZ), R = 10cm; YZ = 4cm 
Apparent depth, A = XY = XZ - YZ = 10 — 4 = 6cm 
. ~ R 10cm 

Refractive index, f l = — = = 1 .67 

A 4cm 


Example 17 

A rectangular glass pnsm of thickness 12cm is placed on a mark on a piece of paper 
resting on a horizontal bench, if the refractive index of the material of the pnsm is 1 5 
calculate the apparent displacement of the mark. WAEC iQOCf 1 ' 3 

Solution 

Real depth (thickness) R = 12cm; Refractive index fl = 1.5 

For a real depth R and refractive index fl, the apparent displacement, a is given by 
_ R(H-l) 12(1.5-1) _ 12x05 
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Solution 

Refractive index fl = 3 / 2 ; Prism’s refracting angle A - 60°; 

Angle of minimum deviation D m = ? 

Substitute int o fl - sin ^ ^ tQ obtain 

Yi 

3_ sinX(D„+60°) 

2 sin 6 ^ 

j 5 = -f 60°) sinj^Z),, + 60°) 

sin 30 0.5 

cross multiplying 1 .5x0.5 = sin />(D m + 60°) 

0.75= sin )<(/)„ +60°) 


075 

— = X(Z)„+60°) 
sin 


' 0.75 =■ -^=- + — = ■ + 30° 
2 2 2 


48.59° 


- + 30" 


— — = 48.59 - 30 = 1 8.59° 
2 

D m - 2x18.59° = 37.2° 


An alternative method for ‘Example 30’ is as follows: 

A = 60°; fl = -V 2 = 1.5; At minimum deviation r = A / 2 = 60 /2 - 30° 
^ sin / 

Substitute into | ] = to obtain 

sinr 


sin 30 

sin i = 1.5 x sin 30° = 1.5 x 0.5 = 0.75 
i= sin ! 0 75 = 48.75° r 48.6° 

Angle of minimum deviation D m = 2i - 2r 

= 2(48.6) - 2(30) 

= 2 , 1 . 2 ° 

or D m = 2i - A 

= 2(48.6) - 60 
= 37.2° 


Example 31 

Calculate the refractive index of the material for the glass prism in the diagram below 

J2 

A. V2 B. 3 / 2 C.2- D.7j JAMB 2002 /5 


296 




Solution „ 

Refracting angle of prism A = 60°; Angle of deviation D 3 


Substitute into f| = 


sin Z 2 (A + D ) 
sin y 2 A 


sin y 7 ( 60+30) _ sin>^(90) _ sin45° 
sin>^(60) sin 30 sin 30" 


From Trigonometry, sin 45 = 



sin 30° = 


sin 45 _ I I I 2 _ 2 
sin 30 4l 2 V2 I >/2 


multiply both numerator and denominator by 


42 


2 Ji 2V2 2V2 _ jc 
TT vT V 4 " 2 ~ v 


Example 32 

The Figure below shows a plot of angles of deviation through a glass prism when light is 
incident at 0 degrees on the prism. The incident angle that produces the minimum 
deviation is A. 25° B. 18° C. 35° D. 20° JAMB 2005 )9 



Solution 

As seen from the graph, fig 14.12, at minimum deviation of IK", the angle of incidence is 
25° 

Ans: A 


297 




REFRACTION THROUGH CONVEX AND CONCAVE LENSES 

In contrast with convex mirror, a convex lens converges rays of light. Similarly, a 
concave lens diverges rays of light as opposed to concave mirror that converges rays of 
light. 

The following formulas, expressions and rules are used in solving convex and 
concave lenses problems 

1 Relationship between the object distance u, image distance, v and focal length, f is 
given by the lens equation. 


u v f u + v 


2 . 


3. 


4. 


Magnification M - ima % e height _ * ma g e distance from lens 
object height object distance from lens 

v 

That is, M = — 
u 

(i) A convex (converging) lens has a positive focal length. 

(ii) A concave (diverging) lens has a negative focal length. 

(iii) Distances of real object and real images are positive. 

(iv) Distance of virtual object and virtual images are negative. 

The power of a lens, P = - — — j. - - — - That is, P = 

focal length in meters 

The unit of lens power is the dioptre (D) 


Example 33 

An object is placed 36cm from a converging lens of focal length 24cm. If a real ima^e 
which is 4cm high is formed, calculate the height of the object. WAEC 1988'° 

Solution 

Object distance, u = 36cm; focal length, f = 24cm; Image height = 4cm; object height = ? 

U V 

Substitute into f to get image distance, v 

u +v 


24 = - 


36v 
36 + v 
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Cross multiplying, 24 (36 f v) 36v 

24 x 36 + 24v » 36v 
24 x 36= 36v-24v 
24x36 


12v 


12 


■ = 72cm 


M 


substituting; 


image height _ image distance 

object height object distance 

4cm 72 

object height 36 

, . , . , 4x36 144 . 

object height = = 2cm 

72 72 


Example 34 .. 

A lens of focal length 15cm forms an upright image four times the size 0 jec . 

Calculate the distance of the image from the lens. ^ 

Solution 

f = 15cm; M = v / u = 4 From v / u = 4; u = v / 4; image distance, v = ? 

Substitute into - = — + — 

f v u 


15 v v/ v + v 

1 1 + 4 5 
15 ” v ” v 

v = 15x5 = 75cm 

15 v 

Example 35 

An object placed 50cm away from the focus of an emerging lens of focal length 1 5cm, 
produces a focused image on a screen. Calculate the distance between the object and the 
screen. WAEC 199<f 2 

Solution 

Focal length, f = 1 5cm; object distance, u = 50 + 1 5 = 65cm 


Fig. 14.13 


50cm 



15cm 



Substitute into f 
15 


to obtain image distance. 

u + v 

6Sv 

65 + v 


15(65 + v) = 65 v 
975 + 15v = 65v 

975 = 65v - 1 5v 


975= 50v 


v - 


975 

50 


19.5cm 


Object distance from screen = u + v = 65 + 19.5 84.5cm 
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Solution 

Refractive index 0 = 3 / 2 ; Prism’s refracting angle A = 60°; 

Angle of minimum deviation D m = ? 

Substitute int o p = I in M +60 ) obtain 

Vi 

3_ sinX(D„+60") 

2 sin 6 ^ 

1 c- SinX(D^60 o ) siny(D m -f60°) 
sin 30 0.5 

cro55 multiplying 1.5x0.5 = sin y 2 (D m + 60°) 

0.75=siny 2 (D„,+60°) 

0.75 

sin - ' 0.75 = £*- + — = £± + 30° 

2 2 2 

48.59" =-^- + 30* 

2 

D 

— — = 48.59-30 = 18.59° 

2 

=2x18.59" =37.2" 

An alternative method for Example 30’ is as follows: 

A = 60°; PI = 3 / 2 = 1 .5; At minimum deviation r = A / 2 = W /2 = 30° 

~ sin/ , . 

Substitute into 1 1 = to obtam 

sinr 


1.5 = 


sin 30 

sin i = 1.5 x sin 30° = 1.5 x 0.5 = 0.75 
i = sm^OJS = 48.75° - 48.6° 

Angle of minimum deviation D m - 2i - 2r 

= 2(48.6) -2(30) 
= 37.2° 
or D m =2i -A 

= 2(48.6) -60 
= 37.2° 


Example 31 

Calculate the refractive index of the material for the 

-4 


A. V2 


B. i h 


glass prism in the diagram below. 
D.Vj JAMB 2002 3 ’ 
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h(f 


--'•' T 7 v 

Fig. 14.10 

Solution „ 

Refracting angle of prism A = 60°; Angle of deviation D - 30 

_ , . ~ sin )i(A + D) 

Substitute into f| = — — 

sin y 1 A 


p sin >^(60 + 30) _ sin (90) sin 45° 
sin^(60) sin 30 sin 30° 

From Trigonometry, sin 45 = sin 30° = % 


sin 45 _ 1 1 x 2 = 2 

sin 30 _ 72 2 72 1 71 


multiply both numerator and denominator by 


7 2 


2 72 272 272 _ rr 


Example 32 

The figure below shows a plot of angles of deviation through a glass prism when light is 
incident at 0 degrees on the prism. The incident angle that produces the minimum 
deviation is A. 25° B. 18° C. 35° D. 20° JAMB 200 5 39 



Solution 

As seen from the graph, fig 14.12, at minimum deviation of 18°, the angle of incidence is 


Ans: A 
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REFRACTION THROUGH CONVEX AND CONCAVE LENSES 

In contrast with convex mirror, a convex lens converges rays of light. Similarly, a 
concave lens diverges rays of light as opposed to concave mirror that converges rays of 
light 

The following formulas, expressions and rules are used in solving convex and 
concave lenses problems. 

1- Relationship between the object distance u, image distance, v and focal length, f is 
given by the lens equation. 


1 1 

— + — 
u v 


1 

— or 
f 


f = 


uv 

u-f- V 


2 . 


3. 


4 


w r- * w image height 

Magnification, M = - 

object height 


image distance from lens 
object distance from lens 


That is, M = — 
u 


(i) A convex (converging) lens has a positive focal length. 

(ii) A concave (diverging) lens has a negative focal length. 

(iii) Distances of real object and real images are positive. 

(iv) Distance of virtual object and virtual images are negative. 


The power of a lens, P = - — — — — 

focal length m meters 

The unit of lens power is the dioptre (D) 


That is, P 


]_ 

f 


Example 33 

An object is placed 36cm from a converging lens of focal length 24cm. If a real imaee 
which is 4cm high is formed, calculate the height of the object. WAEC 1988*° 

Solution 

Object distance, u = 36cm; focal length, f = 24cm; Image height = 4cm; object height = ? 
uv .. 

Substitute into f to get image distance, v 

u + v 


24 = 


36v 
36 + v 
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Cross multiplying. 24 (36 + v) - 36v 

24 x 36 + 24v = 36v 

24 x 36 = 36v - 24v = 12v 


v 


24x36 

12 


= 72cm 


M image height image distance 
object height object distance 

. . . 4cm 72 

substituting; 


object height 36 
4x36 


144 


object height = — — = = 2cm 

72 72 


Example 34 

A lens of focal length 1 5cm forms an upright image four times the 
Calculate the distance of the image from the lens. 

Solution 

f = 1 5cm; M = 7 U = 4 From 7 U = 4; u = 7 4; image distance. 


size of an object. 
WAEC 1993-° 


Substitute into 


f 


1 1 


V u 


-L = I+—=!+- 

15 V W V V 

/ 4 


1 1-F4 _ 5 

15 v v 

— = — v = 1 5 x 5 = 15cm 

15 v 


Example 35 

An object placed 50cm away from the focus of an emerging lens of focal length 15cm. 
produces a focused image on a screen. Calculate the distance between the object and the 
screen. WAEC 199<f' 

Solution 

Focal length, f = 1 5cm; object distance, u = 50 + 15 = 65cm 


Fig. 14.13 




Substitute into f = to obtain image distance. 

u + v 

15 =-^- 
65 + v 

15(65 + v) = 65v 
975 + 15v = 65v 

975 = 65v - 15v 
975 = 50v 

075 io- 
v 19 X'm 

50 

Object distance from screen = u + v- 65 \ 19.5 = 84.5cm 
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Example 36 

A converging lens of focal length 5cm is used as a magnifying glass by a man whose near 
point is 35cm. Calculate the magnification given by the lens. WAEC 1998 

Solution 

f- 5cm; the near point is also the image distance v = 35cm; object distance, u = ? 

Substitute into f = — V - 
u + v 

5 - 

”T5+u 
5(35 + u) = 35u 
175 + 5u = 35u 

175 = 35u - 5u 
175 = 30u 


175 r 

u -- = 5.»3 


v 35 

Magnification, M = — = = 6 

u 5.83 


Example 37 

A lantern gives an image of 3m square of a slide 7.62cm square on a screen. If the screen 
is 10m from the projection lens of the lantern, calculate the focal length of lens. 

WAEC 199S 32 

Solution 

Image size or height, v = 3m = 300cm; object size or height, u = 7.62cm 
Magnification, M = 7 U 


w 300 

M = = 39.37 

7.62 


Image distance, v = 10m = 1000cm 
From v / u = 39.37, object distance, u = 
25.40x1000 


1000 


Focal length, f = 


uv 


39.37 39.37 

25400 


= 25.40 


u+v 25.40+1000 1025.40 


■ = 24.8cm 


Example 38 

An object 2.5mm long is viewed through a converging lens of focal length 10.0cm held 
close to the eyes. A magnified image of the object is formed 30.0cm from the lens. 
Calculate the (i) distance of the object from the lens 

(ii) size of the image 

(iii) power of the lens WAEC 2002 El 3 

Solution 

f = 10cm; image distance, v = -30cm (the final image seen by the eye is virtual); 

object height = 2.5mm = 0.25cm; object distance from lens u = ? 

.111 
(iV Substitute into — = — + — 
v ' f u v 

_L = I+— ± = I--L 

10 u -30 “ 10 u 30 

1 __L L 25 = 12+^ 

u~30 10 “ u 30 10 
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— = 1 + 3 


i° = 4 


u = — = 7.5cm 

4 


(») 


(iii) 


M = *=i°=4 
u 7.5 

_ image height 
object height 


image height 
0.25cm 


image height(size) = 4 x 0.25 = 1cm or 10mm 
Lens power, D = %= ! / 0 t = 10 dioptre 

Note that the focal length, 1 0cm is converted to metres (0.1m) 


Example 39 . 

An object 40cm from a converging lens of focal length 20cm moves with a velocityo 
5cms _1 towards the lens. Calculate the image position after 2s. NECO 200 4 

Solution 

Object distance, u = 40cm; after 2s at 5cm/s the object moves 10cm, therefore the new 
object distance, u = 40 - 10 = 30cm; f = 20cm. 

1 = 1 + 1 
f u v 

20 30 v 

J___l 1_ 

v “ 20 30 

1 3-2 

v 60 

1 1 

— = — /. v = 60cm 

v 60 

Image distance, v = 60cm. 

Example 40 

By what factor will the size of an object placed 10cm from a convex lens be increased if 
the image is seen on a screen placed 25cm from the lens? 

A. 15.0 B. 2.5 C. 1.5 D. 0.4 JAMB 200 3 1 6 

Solution 

Object distance, u = 10cm; image distance, v = 25cm 
Magnification, M = 7 U = 25 / 10 = 2.5 

Example 41 

If u is the object distance and v the image distance, which of the following expressions 
gives the linear magnification produced by a concave lens of focal length f? 

A. — + f B. --f C. --1 D. -^ + 1 JAMB 2004 7 

V f f 1 

Solution 

Magnification, M = v / u 
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I = J_ + J_ 

f U V 

Multiply both sides by v 
v v v 
f u v 
v v v 
u f V 



Linear magnification (M = 7 U ) = y - 1 


Example 42 

An object is placed in front of a converging lens of focal length 20cm. The image is 
virtual and has a magnification of 2. What is the distance of the object from the lens? 

A. 5cm B. 10cm C. 30cm D. 40cm JAMB 1994 JS 

Solution 

Focal length, f = 20cm; image distance - - v (negative because it’s virtual); 

^ / u = 2 v - - 2u; object distance, u = ? 

Substitute into f = - uv 
u- v 


20= ux( = 2a) = ^2uL =Z 2nl = 2 u 

u + (— 2u) u - 2u - u 
20 = 2u u = 20 / 2 = 10cm 


Example 43 

A concave lens of focal length 20cm form an image Vi the size of the object. The object 
distance is A. 100cm B. roo / 9 cm C. 60cm D. / 7 cm E.None of these values. 

JAMB 197 9* 2 


Solution 


% 


f=-20cm; M = 7 U = y (.... Image Vi size of object ) 

V = ‘/ 2 u; object distance, u = ? 

! = - + - 
f u v 


1 


= — + =—+—=—(, + 2 ) 


-20 u y 2 u u u u 

iJ. = 2 .*. u = 20x3 = 60cm 

20 u 


The frnage^of a pin formed by a diverging lens of focal length 10cm is 5cm from the lens. 
Calculate the distance of the pin from the lens. WAEC 1992 ' 

Solution 

Focal length, f = - 10cm (diverging lens); image distance, v 5cm; 

Object distance, u = ? 

uv 

Substitute into f = — - — 
u + v 
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-10 = 


— 5u 
u— 5 


Cross multiply -IO(u-5) = -5u 
- 10u + 50 = -5u 

50= lOu - 5u 
50= 5u 

u = 22 = 10cm 
5 


by a converging ,ens of foe. length f , at a of 2H™*e 

lens. Calculate the magnification produced. 

Solution M = v /ii = ? 

Focal length, f= f; image distance, v = 2f; magni i 


Substitute into — = — + — 
f u v 

ia + -L 

f u 2f 

1 = 1 - — 
u"f 2f 


1 _ 2 — 1 _ 1 _ 
u" 2f ” 2f 


Magnification, 



‘ 2f 
2f 


2f 


= 1.5 


u = 2f 


Example 46 

A thin converging lens has a power of 4.0 diopters. Determine its focal length. 

A. 0.25m B. 0.03m C. 5.00m D. 2.5m JAMB 2005 6 

Solution 

Power = l /f 4=%; f* 14 =0.25 


APPLICATION OF LIGHT WAVES 
The Human Eye 

The near point is the nearest distance (about 25cm) from the eye at which an 
object can be seen clearly by the eye. 

The far point is the farthest point (infinity) at which an eye can see an object 
clearly. The least distance of distinct vision is the distance from the near point to the eye. 

Long sightedness is corrected by convex lens. Short sightedness is corrected by 
concave lens. The lens formula is applied in problems involving the human eye as 
exemplified by the following: 
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Example 47 

A tar-sighted person cannot see objects that are less than 1 00cm away. If this person 
wants to read a book at 25cm, w hat type and focal length of lens docs he need 1 ^ 

A. convex, 20cm B. concave, 20cm C. convex. 33cm D. concave, 33cm JAMB 19S*y 
Solution 


Object distance, u = 25cm; 

Focal length, f = - ux = 
u + v 


image distance 
25x100 __ 2500 
25+100 ~ T25~ 


v 1 00cm 
= 20cm 


Arts A: convex, 20cm 


Example 48 

A patient with a sight defect has a least distance of distinct vision of 150cm. For him to 
be able to read a material placed at a distance of 25cm, what is the focal length of the 
glasses he should wear? 


A. 15.0cm B. 17.6cm C. 21.4cm D. 30.0cm JAMB 1997 j6 

Solution 

Image distance, v = 1 50cm; object distance, u = 25cm; focal length, f = ? 
uv 150x25 3750 


Focal length, f = 


u+v 150+25 175 


= 2 1.43cm 


Example 49 

A man wears convex lens glasses of focal length 30cm in order to correct his eye defect. 

Instead of the optimum 25cm, his least distance of distinct vision is 

A. 14cm B. 28cm C. 75cm D. 150cm JAMB 1998 34 

Solution 

Focal length, f = 30cm; image distance, v = ?; object distance, u = 25cm; 

! = - + - 
f U V 

30 " 25 + v 

J__ J 1_ 

v “ 30 25 

1 5 — 6 _ — 1 

v“ 150 “ 150 

v = 1 50cm 

Example 50 

A long-sighted man cannot see clearly objects that are less than 1 20cm away. What is the 
type and focal length of lens required to make him read a book at 30cm away. NECO 200f : 
Solution 

Image distance, v = - 120cm (negative because image formed by the eye is virtual); 
Object distance, u = 30cm. 



f u v 
]__ 1 1 
f ' 30*- 120 

I.-L+-L 

f 30 120 

1 4—1 _ 3 _ 1 

f * 120 120 40 
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f = 40cm. 


Because f is positive. 


the lens is a 


converging or convex lens. 


MICROSCOPES AND TELESCOPES AND MAGNI1 YING GLA. 

In addition to the lens formular ('/ u + = V f ). the following arc use p 

involving microscopes and telescopes. _ x M 2 

1 . Magnifying power (M) of compound microscope ts M 1 

Where Mi = magnification by the objective lens 
M 2 = magnification by the eye piece 

2. Magnifying power of the telescope is 



Where f 0 = focal length of objective lens 
f e = focal length of eye piece lens 

3. Distance (d) between objective lens and eye piece of an astronomical telescope is 

d = f 0 + fe 

4. Distance (d) between objective lens and eye piece of a Galilean telescope is 

d = f 0 — fc 


Example 51 

Converging lenses of focal lengths 120cm and 10cm are used to construct an 
astronomical telescope. What is the distance between the lenses at its normal adjustment? 

NECO 2007 JO 

Solution 

Distance between lenses d = f 0 + f e = 120 + 10 = 1 30cm 


Example 52 

A simple magnifying glass is used to view an object. At what distance from the lens must 
the object be placed so that an image 5 times the size of the object is produced 20cm from 
the lens'? WAEC 1994 2 * 

Solution 

Image distance, v = - 20cm (image formed by magnifying glass is virtual); 
v 

magnification, M = — = 5 
u 


Substitute v = -20cm into 


v 


5 


u 


- 20 


= 5 


u 



Example 53 

In a compound microscope, the image formed by the objective lens is at a distance of 
3.0cm from the eye lens. If the final image is at 25.0cm from the eye lens, calculate the 


focal length of the eye lens. 
Solution 

Object distance, u * 3.0cm; 
Focal length, f = ? 


WAEC 2002 




image distance, v -25cm (image is virtual); 
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uv 3x25 
u + v ~ 3 4- (-25) 


75 

3-25 


— = 3.41cm 
22 


EXERCISE 14. 


1. A ray of light is incident on a body X as shown in the diagram below. What is 


the refractive index of the body? 



3. 



In die figure above, a ray of light in our strikes a glass plate at an angle of incidence of 
60°. The reflected ray is observed to be perpendicular to the refracted ray. What is the 
refractive index of the glass? 

A. 1 .73 B. 1 50 C. 0.87 D. 0.57 JAMB 198 6 27 Ans: 1 . 73 


4. 



The refractive index of the medium M in the diagram above is 

A. jj B. 2V3 C. VS D. y fl JAMB 2004 Ans: VS 
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s. 

to 


1 II ilic refractive index of li^l" air - 

Ihe speed of I, pin in mr is lx l« "is • v;||llc „f Hie speed ol light in 

wnlcr is V i, then which of Ihe following |S ^ ,,IC K , |) 2 25 x IO*ms : 


wilier? A. 4 x 10 ms H. 2.25 x 10 ms 


-i 


r 4 /„ x 10 ms 

I AMU l { )7 % > 4 ' Ans: 2 25 x 10 ms 

I is speed 111 glw* having a refractive 


( 4.95 x I0*ms ' 


I !. ft.OOx I (Ans 1 . 


IAMI1 M? Aiis:/) 

of light in vacuum is 3.0 x 
H. 2 0 x I0*ms 1 


I- 4 *3 x 10 ms . h 

0. I lie speed of* light in mr is VOOx 10 ms ^ ( 

index oil. 65 is A 1.65 x loams' 

I). 1.82 x l() K nis 2 

7. I he rclt active index of a liquid is 1.5. II Ihe velocity |(|a 

Ufms 1 , the velocity ol lighl in the liquid is A. 1.5 x 10 ms B. ~ / 

c. .VO X 10 Vs' I). 4.5* low i:. oo X I (Alls' . JAMB M3 

X. I he speed of light ,n air is V0 x I (Am 1 What ra the speed in glass w„h a 

refractive index of 1 .50 A. 1 .5 x 1 (fins ' Fl. 3.0x10 ms • 

I). 6.0 X I (Alls' 1 JAMB mr* A,,.,- 2.0 *10 ms t 

9. The velocities of light in air and glass arc 3.0 x 10 ms an • x ms 

respectively. If the angle of refraction is 30", the sine of ihe angle ol ,nc '^^ c 1S 

b JAMB 1999 Ans. 0.33 


A. 0.33 
10 . 


B. 0.50 


C. 0.67 


n. 0.75 


Radio waves travel in air at 3.0 x Ufms 11 the waves enter water ol refractive 
index 4 /j, calculate the speed of radio waves in water. WAEC 2005 Ans. 2.25 x 1( ms 
1 1 . Light of wavelength 5000 x 10 "cm travels in free space with a velocity of 3.0 x 
IO H ms ’. What is its wavelength in glass of refractive index 1.5? 8 

A. 3333 x 10' H cm B. 5000 x 10*cm C. 6666 x 10 8 cni D. 7500 x 10 cm 

JAMB 1989 24 Ans: 3333 x 10‘ cm 
1 2. A light wave of frequency 5 x 10 I4 llz moves through water which has a refractive 
index of 4 / 3 . Calculate the wavelength in water if the velocity of light in air is 3.0 x 
10 8 ms \ A. 4.5xl0‘ 7 m B. 6.0x1 0 7 m C. 1.7x1 0 6 m D. 2.2x1 0 6 m 


JAMB 1990 21 Ans: 4.5 x 10' 7 m 

13. Light of frequency 6.0 x 10 l4 Hz travelling in air is transmitted through glass of 
refractive index 1 .5. Calculate the frequency of the light in the glass. 

A. 4.0 x I 0 I4 Hz B. 6 0 x 10 ,4 llz C. 7.5 x 10 ,4 Hz D. 9.0 x 10 ,4 Hz 

JAMB 1 994 u Ans: 6.0 x 10 l4 Hz 

14. A point object placed in contact with one surface of a glass block of thickness 
1 .6cm and of refractive index 1.6 1 is viewed along the normal to the opposite surface. By 
how much docs the point object appears to be displaced. WAEC 198'/ 3 Ans: 0.60cm 

15. A microscope is focused on a mark on a table. When the mark is covered by a 
plate of glass 3.00cm thick, the microscope has to be raised LI 8cm for the mark to be 
once more in focus. Calculate the refractive index of the glass. WAEC I995 p 2 Ans: 1.64 

16. A rectangular glass prism of thickness 6cm and refractive index 1.5 is placed on 

the page of a book. I he prints on the book are viewed vertically downwards from above. 
Determine the apparent upward displacement of the prints. WAEC 200 1 P2 Ans: 2cm 

1 7. A rectangular glass prism of thickness d and absolute refractive index fl is placed 
on a point object, which is viewed vertically downward from above the prism. 
Which of the following expressions correctly defines the apparent upward 
displacement of the object? 

A- d /n B. dD C. d / n -2 D. d<fl l, / n WAEC 2007 34 Ans: D 

] 8. The displacement d produced in a glass block of (hickness t and refractive index 
fl when an object is viewed through it is 

A- t - fl B. lO+jfi) C. t(l - y n ) D. t(j^- |) JAMB / 998 ’’ Ans: C 

19. A coin lies at (lie bottom of a lank containing water to a depth of 130cm. If the 

refractive index of water is 1.3, calculate the apparent displacement of the coin when 
viewed vertically from above. WAEC 1992 r: Ans: 30cm 

20. I he horizontal floor of a water reservoir appears to be 1.0m deep when viewed 

vertically from above. If the refractive index of water is 1.35, calculate the real depth of 
Ihe reservoir. WAEC 2003 u Ans /.35m 
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21. A coin is placed at the bottom of a cube of glass t cm thick. If the refractive i * 
of the glass is p, how high does the coin appear to be raised to an observer oo ing 
perpendicularly into glass? 


— B. <£li) ciM 

t-// /d \ m 


D. - E. pt 


JAMB 1984 s2 Ans B 


21. Two rays of light from a point below the surface of water are equally inclined to 
the vertical and are inclined to each other at 60° in water. What is the anjjle between the 
rays when they emerge into air? [Take the refractive index of water to be / 3] 

JAMB 1 985 ss Ans: 83.6° 

22. A coin placed below a rectangular glass block of thickness 9cm and refractive 

index 1.5 is viewed vertically above the block. The apparent displacement of the coin is 
A. 8cm B. 6cm C. 5cm D. 3cm JAMB 2002 1 Ans : 3cm 

23. A trough 12.0cm deep is filled with water of refractive index 473. By h&w much 
would a coin at the bottom of the trough appear to be displaced when viewed vertically 
from above the water surface? 

A. 3.0cm B. 6.0cm C. 9.0cm D. 16.0m JAMB 199 1 27 Ans :3.0cm 

24. The refractive index of a medium relative to air is 1 .8. Calculate the critical angle 

for the medium to the nearest degree. WAEC 1 996 11 Ans: 34° 

25. Calculate the critical angle of a medium of refractive index 1 .65 when light passes 

from the medium to air. WAEC 2005 p ‘ Ans: 3 7 3° 

26. Calculate the critical angle for light travelling from water to air. [Refractive lidex 

of water = 1 .33] NECO 2003 28 Ans: 48. 7b° 

27. If the refractive index of water is 1 .33, what is the critical angle for a water - air 

boundary? NECO 2002 JO Ans: 48.8° 


28. If the refractive index of a medium is V2 , what is the critical angle? 

A. 45° B. 50° 12 1 C. 56° 25 1 D. 75° E. 90° JAMB 1982 24 Ans: 45° 

29. If the refractive index of a medium in air is 2.0, what is the critical angle for this 

medium? A. 30° B. 42° C. 45° D. 50° JAMB 1992‘ 9 Ans: 3(f 

30. What is the approximate critical angle for total internal reflection for diamond if 
the refractive index of diamond is 2.42? 

A. 21° B. 22° C. 23° D. 24° JAMB 1995 33 Ans: 24° 

31. A ray of light is incident at an angle of 30° on a glass prism of refractive index 

1.5. Calculate the angle through which the ray is minimally deviated in the prism. (The 
medium surrounding the prism is air). WAEC 199 1 26 Ans: 21. 1° 

32. Calculate the angle of minimum deviation for a ray which is refracted through an 
equiangular prism of refractive index 1.4. 

A. 29° B. 60° C. 99° D. 90° JAMB 2004 s Ans: 29^ 

33. If the critical angle of a glass-air boundary is C and the refractive index of the 
glass is fl, which of the following relationship is correct? 

A. D = — B. n = — C. sin90sinC=n D.sinC = - E.("l = Si " C 

sinC 90 f) sin45 

WAEC 1994 27 Ans: D 

34. A ray of light experience a minimum deviation when passing through an 

equilateral triangular glass prism. Calculate the angle of incidence of the ray. [Refractive 
index of glass =1.5] NECO 2004 29 Ans: 48. 6° 

35. In an experiment to measure the focal length of a converging lens, object distance, 
u and corresponding image distance, v were measured and V u plotted against l 7 v to obtain 
the type of graph illustrated below. How would f be found from this graph? 
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A. f - the slope of the graph 

B. f - the intercept on the V,, axis 

O. f the intercept on the V v tixis 


I). ' f reciprocal of the slope WAEC 1988 29 Ans:E 

1- f reciprocal of Ihc inlcrccpl in either axis. s j |(lc he placed in u 

36. At which of the following distances from the lens luu 
slide projector, if f is the focal length of the projection lens/ 

A. I.L than f H. (irea.er than 2f C. Greater than Mnit ^I^aL C 


A. Less than f H. Greater than 2f Circuicrm JMI 2 * Ans C 

1). liqual to f H. I'icjuul to 2f . * ' 91 < rnm .. 

37. What is the image distance of un object placed at a < > MS 2 H Ans 2 f 
converging lens of focal length 17 

38. A converging lens has a focal length of 5cm. Determine its power. M 

* * WAb'X 2(H) V Ans;* 20 P 


3 ( ). An object is placed a distance 10cm iri front of a concave mirror of local length 
15cm. Determine the characteristic of Ihc image formed. WAEC 2004 ' Wr/wo/. v 3(Um 

40. A converging lens of focal length 5cm forms a virtual image which is 10cm from 

the lens. I low far from the lens is the object / WAEC 1990 Ans:} Jem 

41. In an experiment to measure the focal length of a converging lens, object distance, 
u and corresponding image distance, v were measured and / u plotted against / v to obtain 



How would f be found from this graph? 

A. f- the slope of the graph 

B. f = the intercept on the axis 

C. f - the intercept on the V v - axis 

D. f = reciprocal of the slope 

K. f = reciprocal of the intercept in either axis. WAEC J992 25 Ans E 

42. A real image of an object formed by a converging lens of focal length 1 5cm is 
three times the si/e of the object. What is the distance of the object from the lens? 

r „ , WAEC 1992 2h Ans: 20cm 

43. A converging lens of focal length 1 5cm is used to obtain a real image magnified 
I Vi times. C alculate the distance of the image from the lens. WAEC I997 22 Ans 37 5cm 

44. The real .mage of an object, formed by a converging lens of focal length 1 5cm. is 

three times the size of the object. Calculate the object distance. WAEC Ans:20cm 

45. An object is placed 20cm from a lens If an image is formed on a screen 260cm 

away from the lens, calculate the magnification of the image WAEC 200 1 2 ' Ans 13 

46. A converging lens of focal length 15cm forms a virtual image at a point 1 0cm 
from the lens ( alculatc the distance of the object from the lens. WAEC 2002'”' Ans Ann 
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47. A converging lens produces an image four times as large as an object placed 25cm 

from the lens. Calculate its focal length. WAEC 2003 Ans:20cm 

48. A converging lens forms a real image of a real object. If the magnification is 2 
and the distance between the image and the object is 90.0cm, determine the 

(i) focal length of the lens; 

(ii) object distance for which the image would be the same size as the object. 

WAEC 2006 En Ans: (i) 20cm (ii) 40cm 

49. An object placed on the principal axis of a convex lens of focal length 10cm, 
produces a real image of double magnification. The image distance from the lens is 

A. 30cm B. 25cm C. 20cm D. 15cm E. 10cm JAMB 198 1 46 Ans 30cm 

50. A lens of focal length 12.0cm forms an upright image three times the size of a real 
object. The distance between the object and the image is A. 8.0cm B. 16.0cm 

C. 24.0cm D. 32.0cm JAMB 1986 28 Ans:64cm [incorrect options] 

51. An object 3.0cm high is placed 60.0cm from a converging lens whose focal length 
is 20.0cm. Calculate the size of the image formed. 

A. 0.5cm B. 1 .5cm C. 2.0cm D. 6.0cm JAMB 1987 s4 (Ans: 1.5cm) 

52. To obtain a magnification of 2.5, how far should an object be placed from the pole 
of thin converging lens of focal length 0.20m? 

A. 0.13m B. 0.25m C. 0.28m D. 0.50m JAMB 1988 s0 (Ans: 0.28m) 

53. What must be the distance between an object and a converging lens of focr .ngth 

20cm to produce an erect image two times the object height. JAMB 1990 ‘ 7 Ans. 'em 

54. If the focal length of a camera lens is 20cm, the distance from the film at v>hich 
the lens must be set to produce a sharp image of an object 100cm away is 

A. 17cm B. 20cm C. 25cm D. 100cm JAMB 199 J 17 Ans: 25cm 

55. A projection lantern is used to give the image of a slide on a screen. If the image 
is 24 times as large as the slide and the screen is 72.0m from the projecting le... *hat is 
the position of the slide from the lens? 

A. 4.0m B. 3.5m C. 3.0m D. 0.3m JAMB 200& 4 Ans: 3.0m 

56. A certain long-sighted person cannot see clearly objects placed 75cm from his 
eye. This defect can be corrected by the use of a 

A. converging lens of focal length 37.5cm 

B. converging lens of focal length 75cm 

C. cylindrical lens of focal length 37.5cm 

D. diverging lens of focal length 37.5cm 

E. diverging lens of focal length 75cm NECO 2004 ss Ans: B 

57. A person can focus objects when they lie beyond 75cm from his eyes. The focal 
length of the lens required to reduce his least distance of distinct vision to 25cm is 

A. 75.00cm B. 1 8.75cm C. 25.00cm D. 37.50cm JAMB 2006 s Ans: 18. 75cm 

58. A simple microscope forms an image twice the size of the object. If the focal 
length of the lens of the microscope is 20cm, how far is the object from the lens? 

WAEC 199& 4 Ans 1 0m 

59. When an astronomical telescope is in normal adjustment, the focal length of the 

objective lens is 50cm and that of the eye piece is 2.5cm. What’s the distance between 
the lenses? WAEC 1 992 )0 Ans: 52. 5cm 

60. At what distance from a simple microscope must an object be placed so that an image 
5 times the size of the object is produced 20cm from the lens? WAEC 1997 2S Ans: 4.0cm 

61. An astronomical telescope, having an objective of focal length 100cm and eye 

piece of focal length 10cm, is used in normal adjustment. Calculate the separation of the 
lenses. WAEC 1998 s 1 Ans: 1.10m 

62. A simple microscope forms an image 10cm from an eye close to the lens. If the 
object is 6cm from the eye, calculate the focal length of the lens. WAEC 2000*° Ans: 1 5cm 

63. Four lenses are being considered for use as a microscope objective. Which of the 
following focal lengths is most suitable? 

A. -5mm B. +5mm C. -5cm D. +5cm JAMB 1987 s7 Ans: B 
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64. A converging lens and a screen are placed 2ftnn scr J cn If the 

objecl in a straight line so tat a sharp image of the CO) VVAEC 2008 Ans: 9cm 

object is 3cm high, calculate the height of the ,,nag c <orme _ ^ ^ ^ imflge four |imes 

65. If a convex lens of focal length 12cm is usedd to p 

the size of the object, how far from the lens must the object p acc * - . . r 

A. 10cm B. 15cm C. 20cm D. 25cm JAMB 2008 

66. An observer with normal eyes view an object with a magnifying^ g ^ a 

length 5cm. The angular magnification is A. -6 B. -5 C. 

[least distance of distinct vision D = 25cm) JAMB 2008 Ans 

66. Calculate the critical angle in glass for the light travelling from glass to 
water.(Refractive index of water = 1 .33, refractive index of glass - 1 .50) 

NEC02008 29 Ans: 4 1.8° 

67. If the refractive index of crown glass is 1 .5 1 , its critical angle is 

A. 48.6° B. 22.5° C. 41.5° D. 45.0° JAMB 2009* 4 Ans: C 

68. When light passes through two media x and y of refractive indices 1 .5 1 and 1 .33 
respectively, the speed of light in 

A. x is same as in y B. x and y is same as in vacuum 

C. x is higher than in y D. y is higher than in x JAMB 2009 Ans. D 

69. A near-sighted student has a near point of 0. 1 m and a focal length of 5.0cm. what 
is the student’s far point? 

A. 0.200m B. 8.000m C. 0.125m D. 2.100m JAMB 2009^ Ans: A 

70. A thin lens is placed 50cm from an illuminated object. The image produced has a 
mear magnification of 14. Calculate the power of the lens in dioptres. 

WAEC2009 30 Ans: 10. 0D 

... ra y light is incident on one face of an equilateral glass prism. 

(i) Draw a ray diagram to show the path of the ray through the prism. 

(11) Calculate the refractive index of the glass if the angle of minimum deviation is 4 1 ° 

7 , . . . , J WAEC 200?" Ans: 1.54 

mavnifi 4 ^ bj ?/? f 0 ? 1 5cm ftom a conver 8> n g lens forms a real image of 

magnification 3. Calculate the focal length of the lens mage oi 

NECO 2009” Ans: 11.25cm 


71 
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15 


SOUND WAVES 


VELOCITY AND REFLECTION OF SOUND WAVES 

Sound wave is a longitudinal wave and also a form of energy produced by 
vibrating bodies. 

As common with waves, the velocity or speed of sound wave in any media is 
given by: 

V = Xf or V=- 
T 

Where V = velocity of sound wave (ms* 1 ) 

X = wavelength of sound wave (m) 
f = frequency of sound wave (Hz) 

T = period of sound wave (s) 

Also, speed of sound (V) in air is directly proportional to the square root of the absolute 
temperature, 0. 

That is, V = y[& 

A quick review of Chapter Twelve with emphasis on stationary wave will be helpful and 
relevant to this Chapter. 


Example 1 

A source of sound produces waves in air of wavelength 1.65. If the speed of sound in air 
is 330ms* 1 , the period of vibration in second is? WAEC 1988 

Solution 

Wavelength X = 1 .65m; speed of sound V = 330ms* 1 ; period T = ? 


Substitite into 


V = — to obtain 
T 


330 = 


1.65 


Period of vibrationT=^- 1 ^ = 0.005s 
330 


Example 2 

In a sound wave in air, the adjacent rarefactions and compressions are separated by a 
distance of 17cm. Lf the velocity of the sound wave is 340ms' 1 , determine the frequency 
A. 10Hz B. 20Hz C. 100Hz D. 5780Hz JAMB 1989 22 

Solution 

Distance between successive rarefaction and compression is equivalent to / 2 . 
x / 2 = 17 orX = 2 x 17, = 34cm = 0.34m; Velocity, V = 340ms' 1 

V 340 34000 

From V = Xf, frequency, f = - = — = — — = 1000Hz 

X 0.34 34 


Example 3 

A sound wave of velocity 350ms’ 1 is directed towards the surface of water. If the ratio of 
the wavelength of sound in water to that in air is 425:100, calculate the velocity of the 
wave in water. WAEC 1996 s8 

Solution 

Sound wave velocity in air Vi = 350ms* 1 Sound wave velocity in water V 2 = ? 

Wavelength of sound in air Xj = 100 Wavelength of sound in water X 2 = 425 

The frequency of a wave does not change when it travels from one medium to another. 
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Itoiti V Xf, we derive 


V, 


V 

r ~x 


Therefore = on suhsl itution we obtain, 

X, X, 


350 _ V^_ 

100 " 425 

Sound wave velocity in water, V, 


__ 350 x 425 j4 ^ 7 Snis 


100 


example 4 JS 

he velocity of sound wave at 27X' is 360ms Its velocity at / 

V. 1 20\/3 rns 1 B. 240 ms 1 (’. 240^3 ms ' 1} 720,73 ms 


Example 4 

The 1 
A. 

Solution 

Temperature (0) and speed of sound in an are related by ^ 

v jk 

V : 7; 




Jo 


Substituting 


0, = 27 4 - 273 = 300K: V, 360ms 

0; 1 27 + 273 400K: V 2 ? 

[Always remember to convert V to Kelvin | 

360 Toil 
V, 7(16 
360 7 

V, “74 

__ 300 x 7 2 x 360 _ 720 

7 7 Vi 

Multiply both numerator and denominator by 7 
720 x7 7207 720V-3 


V, = 


7xVi 7x7 Vo 

720V3 


Velocity of sound wave at 1 277 V, - 


3 


- = 240>/ 3ms 


Example 5 

1 he speed of sound in air is 330ms 1 . Mow far from the centre of a storm is an observ 
who hears a thunder clap 2s after the lightning Hash? [Ncelecl the time taken bv 
travel to the observer) ^ j ; 

Solution 

Speed of sound V = 330ms time taken t = 2s; distance ol storm's coure 

distanced v) 

timed ) 

v - Vxt =330x2 -660m 


f rom, speed ( V) 


Echoes 

Like anv other wave. >ound waves can be rellccicd 
after a sound wave has been rellccted from a hard plane suit 
I he time(t) taken for an echo to be heard in anv me 

2 a 

t - 

V 
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Where .v : distance between the source of sound and the reflecting sur ace 
(wall, cliff, sea bed, hill e.t.c.) 

V = velocity of sound in the medium (air, water, glass, metal e.t.c.) 


Example 6 

A bat emits a sound wave at a speed of 1 650.0ms 1 and receives the echoes 04- s ici 
Calculate the distance of the bat from the reflector. WALL 

Solution _ , 7 

Speed of sound w ave V = 1650ms" 1 ; echo time t = 0. ! 5s; Distance from reflector, x 


Substitute into 


Vt 

x- — to have 
2 


1650x0.15 


= 123.75m 


Example 7 

A fathometer is used to send a wave down to the sea bed. The reflected wave is received 
after 0.5 seconds. Calculate the depth of the sea. [Speed of sound in water = E500ms 


NECO 2007 


Solution 

Echo time t = 0.5; 
Depth of sea, x = 


speed of sound V = 1 500ms 1 


V x t 1500x0.5 


= 375m 


Example 8 

A man standing 510m away from a wall sounds a whistle. The echo from 1 wall 
reaches him 3s later. Calculate the velocity of sound in air. NECO z 00(7 ' 

Solution 

Distance from reflector (wall) jc = 5 1 0m, echo time t = 3s; Sound velocity V = ? 

t = — v=^ 

V t 

_ . . . 2x510 ^ 

Substituting, V = = 340ms 


Example 9 

How far from a cliff should a boy stand in order to hear the echo of his clap 0.9s later? 
[Speed of sound in air = 330ms" 1 ]. WAEC l { ) l J2 ' 6 

Solution 

Speed of sound V = 330ms' 1 ; echo time t = 0.9s; Distance from reflector (cliff) v = ? 


Substitute into 



330x0.9 

2 


148.50m 


Example 10 

A sound pulse sent vertically downwards into the earth is reflected from two different 
layers of the earth such that echoes arc heard after 1 ,2s and 1 4s. Assuming the speed of 
the pulse is 2000ms" 1 , calculate the distance between layers. WAEC /9 ( S'</ : 

Solution 

distance of first layer = first layer echo time t, = 1 ,2s; 

distance of second layer = x 2 \ second layer echo lime t : = 1 ,4s. 

Velocity of sound pulse V = 2000ms 

2x \/t 

from t = — , distance from re flee lor (layer) is, \ = — , 
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Therefore, distance between between layers -x 2 -x x 


Vl, Vt, _ V(V hi 

T 2 2 


JC, - •*. 


v(t 2 -t,) 

2 

2000(1 .4-1.2 ) _ j QQQ x o. 2 
2 


= 200m 


Example 11 .... 

A man hears his echo from a nearby hill 2s alter he shouted If the frequency ot nis voice 
is 260Hz and the wavelength is 1 .29m, how far is the hill? mot 31 

A. 330.0m B. 335.4m C 660.0m D. 670.8m JAMB 19 

Solution 

Echo time t = 2s; frequency f = 2601 Iz; wavelength A. = 1 29m 

Velocity of sound V = Xf = 1 .29 x 260 = 335.4m/s 


y. 335 4x2 

Distance from reflector (hill) x = — = ’ ~ = 335.4ms' 

2 2 


Example 12 

As a ship approaches a cliff, its siren is sounded and the echo is heard in the ship after 12 
seconds. 2.1 minutes later the siren is sounded again and the echo is heard 8 seconds 
later. If the speed of sound in air is 340ms \ calculate the velocity at which the ship is 
approaching the cliff. W A EC 2001 

Solution , 

First echo time tj = 12s; second echo time t 2 = 8s; 

Sound speed V = 340ms’ 1 ; time interval between echoes T = 2. 1 min = 2.1 x 60 = 1 26s 

V x t 

x = 

2 


V x t 340 x 1 7 

Ship distance at 1 M echo x. = = 2040m 

2 2 

nd , Vxt, 340x8 

Ship distance at 2 echo x } = = = 1 360m 

2 2 

Distance between 1 5t and 2 nd echo X = x x -x 2 = 2040- 1360 = 680m 

distance between echoes X 680w . 

Velocity of approach = : : : — = — — - ~ 5.4ms 

time interval between echoes / 126i - 


Example 13 

A hunter 412.5m away from a cliff, moves a distance x towards the cliff and fires a gun 
He hears the echo from the cliff after 2.2 seconds. Calculate the value of x. [Speed of 
sound in air = 330ms *] NECO 200(f 6 

Solution 

Initial distance from cliff x, = 4 1 2.5; final distance from cliff x 2 ; echo time t = 2.2s; 
Sound speed V = 330ms 1 

Vt 330x2.2 ... 

x= — = = 363m 

2 2 2 

Distance moved toward cliff, x = x { - x 2 - 412.5 - 363 = 49.5m 
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Example 14 

A man stands one-third of the way between two walls and clap his hands. He hears two 
distinct echoes Js apart. If the speed of sound ,s 330ms 1 the d.stance between the walls 

JAMB 1980 4 


is A. 33m 

Solution 


£ 

Fig. 15.1 


B 1 10m 


C. 220m 


D. 330m 


t 


* 


E. 495m 

x is the 
distance 
between two 
walls. 


2 r 

echo time, t= — 


One third of x = /j and * - V = Zx / 

From V = — 

' V 

Let t| be the echo time for x = x / 2 

Let t2 be the echo time for x = lr / } 

2x 


Substitute t = : 


to obtain 


2 x x / 


/ 


t, = 


/ 3 . 


330 


, 2x2 ^ 

330 


2x 2x ; 


U =- 


/3 


330 


Time interval between echo is t2 - t| = Is 


2x*, 


3 

330 330 


Cross multiplying 


Ax 2x 
1x330 = — - — 
3 3 


330 = 


Ax - 2x 


330 = — 

3 

2x = 3x330 = 990 
990 


x = ■ 


■ = 495m 


Example 15 

A ship travelling towards a cliff receives the echo of its whistle after 3.5 seconds. A short 
while later it receives the echo after 2.5 seconds. If the speed of sound in air under the 
prevailing condition is 250ms’ 1 , how much closer is the ship to cliff? 


A. 10m B. 125m 

Solution 

First echo time t| = 3.5s; 


C. 175m 


D. 350m 


Vt 


Distance at first echo x, = — ■ 


second echo time t2 - 2.5s, 
250x3.5 


E. 1000m JAMB 198 3 n 
Speed of sound V = 250ms 1 


- = 437.5m 


Vt, 250x2.5 _ in . 
Distance at 2 na echo x 2 = ^ ^ 

Distance from cliff x = x x - x 2 = 437.5 - 312.5 - 125m 
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Example 16 i reflected from a vertical 

A plane sound wave of frequency 85.5Hz and velocity 34 ms is 

wall. At what distance from the wall does the wave have an antinoc JAMB 200 1 1 

A. 2m B. 4m C. lm D. 3m 

Solution 

Frequency f = 85.5Hz; Velocity of sound V - 342ms 

V 342 

From V = Xf, wavelength X = — = = 4m 

5 f 85.5 


An antinode is V* of a wavelength 

Therefore distance of antinode to wall = — X = — x4=lm 

4 4 


VIBRATION OF STRINGS 


Fundamental Frequency. Harmonics. Overtones 

Fundamental frequency of a vibrating string is the lowest possible frequency th 
can be obtained from a plucked string when it vibrates in a single loop as shown e ow. 



N 


Fundamental frequency, f 0 or 
first harmonic 


Fig. 15.2 

The length / of the string is equal to V 2 , distance between the two consecutive nodes 


(N-N) 

That is, / = X /j or X = 2 / 

V 

For a sound wave, V = Xf or Frequency, f = — . 


Substitute X = 2 / to obtain 


Fundamental frquency, 


f = 


V_ 

21 


Harmonics are frequencies which are whole numbers multiples of the fundamental 
frequency f Q . 

Overtones are frequencies above the fundamental frequency which may or may not be 
whole numbers multiples of the fundamental frequency. Whole numbers overtones are 
also called harmonics. 

The second harmonics or First overtone of a string is obtained from a plucked 
string when the string vibrate in two loops as shown below. 
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Mu- distance between time consecutive mules is X and is equal to/, the length of the 
stung. I hut is / X 

V 

from, V Xt, f ^ substitute/ X. to obtain. 

V 

First overtone/second harmonic, I', — 

/ 

I he third lianuonic or 2"' 1 overtone of u string is obtained when the string is plucked and 
made to vibrate in three loop as shown below. 

b H 



l ; rom the diagram, 
I'rom V = AC 


* U i 

— or X. 


frequency. 


2 / 

3 

f = 


V 

J 


Therefore, 2 nd overtone or 3 ri1 harmonic f , = v + — = — 

J 3 I 

Thus, for a vibrating string or transverse wave, 
Fundamental frequency (1 M harmonic) f 0 = 

First overtone (2 nd harmonic) f| = 2f 0 = ^ 


Second overtone (3 ru harmonic) f* = 3f 0 = 

Third overtone (4 th harmonic) fj = 4f 0 = 


Example 17 

A vibrator of frequency 60Hz is used in generating transverse stationary waves in a long 
thing wire. If the average distance between successive nodes on the wire is 45cm, find 
the speed of the transverse waves in the wire. 

A. 27ms' 1 B. 54ms' 1 A. 90ms' 1 D. 108ms' 1 JAMB I989 19 

Solution 

Frequency f = 60Hz; length, / = 45cm = 0.45m 



Fig. 15.5 


From the diagram, = / or X * 2 / * 2 x 0.45 - 0.90m 
Speed, V = XT = 0.9 x 60 = 54ms 1 
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Example 18 ^ 

A string is stretched lightly betw een two points 50cm apart- h is plucked at it* 

the velocity of the wave produced is 300111s 1 . Calculate the number ol \ * •'/yVl/ 4 * 

the string in one second. 

Solution 


Fig. 15.6 



/ = 50cm 0.5m 
wave velocity. V 500ms’ 


Number of vibration in one second is same as frequency. 

Frequency. 


y_ = * <)0 = — = JOOHz 
2/ 2x0.5 / 


Example 19 

Find the frequencies of the first three harmonics of a piano string ol length 1.5m. II the 
velocity of the waves on the string is 12()ms 

A. 40Hz, 80Hz, 120Hz B. 80Hz, 1601 Iz. 240Hz C. 1 801 1/. 3601 Iz. 5401 Iz , 

D. 360Hz, 1 80Hz. 90Hz UAh( ' 2001 ‘ 

Solution 

Length, f- 1.5m; velocity V = 120ms* 1 

Fundamental frequency of string, f = — - _ = 111! 4011/ 

" 21 2x1.5 3 

1 *' harmonic f tl = 40Hz 2 ml harmonic 2L = 2x40 SOI Iz 

3 rd harmonic 3f u = 3 x 40=1 201 Iz Ans: 401 Iz, SOI Iz, 1 201 Iz 


Example 20 

If tension is maintained on a stretched string of length 0.6m, such that its fundamental 
frequency of 220Hz is excited, determine the velocity of the transverse wave in the string. 
A. 66ms' 1 B. 132ms ' C. 264ms 1 D. 528ms 1 JAMH 2002* 

Solution 

Length i = 0.6m; frequency f = 2201 Iz; velocity of wave V ? 

V 

Substitute into I = 

21 

V 

220 = 

2x0.6 


V = 220x2x0.6 = 264ms 1 


Example 21 

The lowest note emitted by a stretched string has a frequency of 401 1/. I low many 
overtones arc there between 401 Iz and 1 5011/.? A.l B. 2 (\ 3 I). 4 .J. lM/i /<; t V7'" 

Solution 

Overtones of fundamental frequency, f, of a plucked string are 2L, 3f ot 4f„ etc. 

So, f 0 = 40 Hz, 2f 0 = 2 x 40 HOI Iz, 3f„ = 3 x 40 = 12011/., 4f 0 4 x 40 W>0||/. 

Therefore, there are 2 overtones between 4011/. and I Mill/. 16011/ is not included 
because it is greater than 1 501 Iz. 
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Example 22 

Calculate the wavelength of a note which is one octave lower than a note of 256Hz in a 
medium in which the speed of sound is 352ms 1 WAEC l99o 

Solution 

An octave of a note is a note of twice the frequency. 

Therefore a note which is one octave lower than a note of 256Hz is 1 /i(256Hz) or l2*Hz. 

Frequency f = 128Hz; speed of sound V = 352ms 1 

From, V = Xf, wavelength, X = — = H?. = ? 7 s m 

f 128 

SONOMETER: FACTORS AFFECTING FREQUENCY 
OF VIBRATING STRING 

The frequency of the notes obtained from a string instrument is studied with t e 
help of a Sonometer. 

The frequency (f) of a vibrating string of tension T, length i and mass per unit 
length M obeys the following laws: 


1. 

f a- 

1 

(at constant T and M) 

2. 

f aV7 

(at constant I and M) 

3. 

{<1 7m 

(at constant / and T) 


Combining the above three relationships, we obtain f a 


i.li r.iiji 

/ V M l V M 

The velocity V of a wave propagated along a string depends on its tension T and its mass 
per unit length M and is given by; 

v=V£ 

r V v 

At fundamental frequency, f y - ~ 

i [T 

Therefore, C = fundamental frequency = 1 st harmonic = — ^ — 

mi i Ft 

f, = first overtone = 2 nd harmonic = 2f 0 = j 


3 fr 

f 2 = second overtone = 3 rd harmonic - 3f°- 

h , _ 2 fr" 

f 3 = third overtone = 4 harmonic - 4f 0 - ^ ^ 


Example 23 e of 2 00Hz when its length is 1.50m Determine the 

A plucked string pr length of 0.75m. [Assume constant tension] 

frequency of the note produced with a lengtn o yy £CO 2 Q06 u 


Solution , . A 

f, = 200Hz; /, = 1 -50; 
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At constant tension, f a - 
1 

Substituting, 


L=L 

U l \ 

200 _ 0.75 
f 2 " 1.50 

200x1.50 

Frequency, f 2 = — —7 


222 . = 400Hz 
0.75 


Example 24 . . , 

A Sonometer wire under a tension of 10N produces a frequency of 250Hz when plucked. 
Keeping the length of the wire constant, the tension is adjusted to pro uce a new 
frequency of 350Hz. Calculate the new tension. W AFA 

Solution 

Original tension T t = 10N; original frequency fi = 250Hz 
New frequency f 2 = 350Hz; new tension T 2 = ? 

From f a >/T or f = Vt we derive, 


f, V^T 0 . . . 250 vTo 

T'ft 35 “TFT 

_ |4x ^, 443 

y ' 250 

T, = 4.43 Square both sides to obtain 

(Tj=(4.43) 2 

T, = 19.6jV 

Alternative method: 

f ajf or f = K-s/t (K is constant) 

Substitute T = 10N and f=250Hz into f = K>/T toobtain 
250 = KxJlO 

K = ^22 = 79.1 

V 10 

Now, substitute f= 359Hz and 1C = 79.1 to find the new tension. 

f = kVt 

350 = 79.1 x-n/t 

■ Jt = -222_ = 443 

79.06 

Square both sides 

(n/t) = (4.43) 2 
T = 19.6N 


Example 25 

When the tension in a Sonometer wire is doubled, the ratio of the new frequency to the 
initial frequency is A. J/^ B. Vi c. VI D. 2 JAMB 1989 21 

Solution 

In a Sonometer, tension and frequency are related by f = Vt 
L et f, be initial frequency and f : the new frequency 
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or 


fir V'! 1 

f, V‘, 


Ll 

f, 



If tension is doubled, I , becomes 21 a 


f, 



(note thm, T 7 I, | j 



Vi 


Example 2b 

A Soiiiiiiiclcr wire ol liner den.Mty O.Okkgm ' subjected lo a tension of SOON is plucked. 
( alcula.- .lie speed ol a pulse which moves from one end of the wire to the other. 

WAEC 2(M m 


Solution 

Linear density M O.OOKkgm tension T - SOON 

(linear density is also known as mass per unit length) 


Speed of pulse V = (-L = I- 0(1 

Km Vo. oh 


Vi 0000= looms ' 


Example 27 

Under constant tension and constant mass per unit length, the note produced by a plucked 
string is 50011/ when the length of the string is 0.00m. At what length is the frequency 
15011/7 A. 3m IL 4m ( . 5 in I). 6m JAMB 19V7" 

Solution 

f, 5001 1/; /, 0.00m; l 2 150Hz; l, - 7 

At constant M and I , f « - 


Substituting, - — . — 2— 

ISO 0.00 

„ f 500x0.00 

length of string l } =- ~j-- - = 


length and under the same tension give notes of frequencies in 
are in the corresponding ratio of 

I). 1:16 JAMB m<V JW 


Example 28 
I wo strings of the same 
the ratio 4:1. I he masses of the strings 


A. 2:1 H 12 

Solution 

<\ 1:4 

) or constant (same) length and tension 

Substitute f> 4 and fj 

| to obtain, 

Square both sides; 

v ; 

(4 \ ( 


(tJ 1 

y m, J 


Katioof M, : M ; « 1 : lb 


i r, Im 2 

" Vm or f, Vm. 

4 |M, 

I V M I 

.6 M, ))r I M, 
I M,'. 16 M, 
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Example 29 . . e 

’Hie frequency of a plucked string is 800M/ uhen the tension is 8N. f a cutaic 

(i) Frequency when the tension is reduced to of its original va ut '^ ^ ">(j()5 f 
( 11 ) Tension required to produce a note of frequency 6001 Iz. 

Solution 

Frequency f= 800Hz; tension T = 8N 

Substitute into f = K yfj to find constant K. 

S00=KxJs 

v _ 800 _ 800 yfg SOOyfs 

‘' = ls = ls x ^U^~ 

k = ^LiooVI 


(i) Frequency f = ? ten: 

K = 100>/8 

Substitute into f =K>/t to obtain 


tension T = % (8N) = 2N (. Jension is % of its original...)-. 


f=K-/f = l00>/8 xV2 = 100/8x2 = 100/16 


f =100x4 =400H2 

Tension, T = ? Frequency f = 600Hz 

Substitute into f = kVt to obtain 

600 = 1 00>/8 x Vf 
_ 600 _ 6 
~ i oo Vs " 4s 


Square both sides 




T = — = 4.5N 
8 


VIBRATION OF AIR COLUMNS IN PIPES 

Air column can be made to vibrate in closed pipes, open pipes or in a resonance 

tube. 

Vibration in Closed Pipes 

When an air column vibrates in a closed pipe, a node is ALWAYS formed at the 
closed end while an antinode is always formed at the open end as shown below. 



N N n 


Fig 15.7 a - Fundamental note, f 0 b. First overtone, f, c. Second overtone, f : 
From Fig. 1 5.7a, /= */ 4 (distance between node and antinode). Therefore. X = 4 / 
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From V = /if, frequency, f - — 

A 

Fundamental frequency or T harmonic f = W 

° /A! 

From Fig. 15.7b, /= ^'/x or A = 4^/ 


From V - Af, frequency, f = — 

A 

First overtone or 2" d harmonic f ^ y + _ - Vx3 

3 4/ 

From Fig. 15.7c, / = 5 ^/ or ^ = 

From V = /if, frequency, f = — 

Second overtime or 3 ld harmonic f, = V + — =— — 

! 5 4/ 

Thus for vibration in a closed pipe; 

Fundamental frequency (1 harmonic), f 0 = Y/^ 


First overtone (2 nd harmonic), 
Second overtone (3 rd harmonic). 
Third overtone (4 lh harmonic), 


f. = 3f 0 =3^ 


4/ 


f ’ = 5f «=% 
f, = 7f 0 =% 


Example 30 

A pipe closed at one end is 1 00cm long. If the air in the pipe is set into vibration and a 

fundamental note is produced, calculate the frequency of the note. [Velocity of sound in 

i, WAEC 2007 tu 

air = 340ms J 


velocity V = 340ms 


^oiunon 

Length /= 1 00cm = 10m; 

For a closed pipe, fundamental frequency f> w / xj 

340 


f = 


340 


4x1.0 4.0 


= 85.0Hz 


Example 3 J Q m | ong The air in the pipe is set into vibration and a 

A pipe closed at one e ■ ^ produced. Calculate the velocity of sound in the 

fundamental note of freque y WAEC 199 2 J0 

(Neglect end correction). 


air 


Solution 
Length of pipe / - 1 0m; 
For a closed pipe f„= y^ 


fundamental frequency f c - 85Hz 
V = f x 4/ 


v = f x4/-85x4x 

Velocity of sound in a, r, VJ^., 
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Example 32 

I lie wavelength of the llrst overtone of a note in a closed pipe 
A 22cm H. 17cm 44cm D 33cm 

Solution 


of length 33cm is 

jam /I :tm 


I cngtli /= 33cm 

In first overtone of a closed pipe, / = 
Wavelength. A = % = % x 33 = 44 cm 


Example 33 

If the fundamental frequency of a closed pipe organ on a day when the speet 

340ms 1 is I70Hz, then the length of the pipe is , . .... , noc .'v 

A. 50cm B. 70cm C. 1 00cm D. I50cni H 200cm JAMIt 1 l5 

Solution 

Fundamental frequency f, = 1 70Hz; speed of sound V = 340ms 1 


From f = — , 
" 4/ 


V 

lenghtof pipe, / = 

4f 


340 340 




= 0.5m or 50cm 


Vibration in Open Pipes 

When a column of air vibrates in an open pipe, the stationary waves formed 
always have antinodcs at both ends as shown below. 



3X/ 



a. Fundamental note, f„ b. First overtone, f, 

Fig. 15.8 Vibration of open pipes. 


c. Second overtone, f : 


From Fig. 15.8a, / = j/ 2 or A = 21 

y 

From V - Af , frequency, f = — 

Fundamental frequency or l sl harmonic r = V/ 

- /2J 


From Fig. 1 5.8b, I =X 

First overtone/2 nd harmonic f = — 

1 


From Fig. 15.8c, l = U / 2 or ^ = 2 /y 

Second overtone or 3 ,J harmonic, f, = — = — 

X 21 


Thus for vibration in an open pipe: 
Fundamental frequency ( I 5,1 harmonic) ( 
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First overtone (2 nd harmonic) 


f, = 2f= — 


Second overtone (3 rd harmonic) 


f, = 3f = 3 - V 
° 21 


Third overtone (4 ,h harmonic) 


f,=4f =2V 


P. " . . 0r b a n pipe oi length 40cm opened at both ends sounds its lundamental 

note. NCgiec mg end corrections, calculate the frequency of the note. [Speed of sound in 
air = 34Ums ] N E C 0 2006 3 ‘- 

Solution 

Length of pipe i = 40cm = 0.4m; speed of sound V = 340ms 1 
For an open pipe, fundamental frequency, f - v/ 

r 340 

f„ = = 4251 1/ 

2x0.4 

The Resonance Tube 

A resonance tube is used In tind the velocity ol sound in air us shown below, 
c \ V 


(a) 



c end of correction 


Fig. 15.9 First and Second Positions of Resonance 


A 

I or the llrst position of resonance, /,+<" = — 


3 A 


I or the second position of resonance, /, + c - 

/ \ 3/i A 

Subtracting. L fr - (/, + <*) - — -- - - 

4 4 


/, +r-/, 


2 / 
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A = 2 (/,-/,) 

substitute the above into V = Xf to obtain 
V = 2 /(/,-!,) 

Where V = velocity of sound in air. 
f = frequency 

I 2 - second resonance position 
/, = first resonance position 


Example 35 . jf ( ^ e 

A tuning fork of frequency 600Hz is sounded over a closed resonance u c - . 

and second resonant positions are 0.130m and 0.413m respectively, ca cu a c ? OOO 33 

sound in air. 

Solution 

Frequency f = 600Hz; first resonant position /, = 0.130m; 


Second resonant position l 2 = 0.413m 
Speed of sound V= 2/(/, -/,) 

V = 2 x 600(0.413-0.130) 

= 1200 x 0.283 
= 339.6ms' 1 

Example 36 

The shortest length of the air column in a resonance tube at resonance is 0.1 lm and the 
next resonant length is 0.36m. Calculate the frequency of vibration, given that the speed 
of sound in air is 340ms V NECO 2007 

Solution 

First resonance position \ x = 0.11m; second resonance position 0.36m; 

Speed of sound V = 340ms' 1 

V 

From V = 2f(/, - /, ), frequency, f = 

21 2 (/,-/,) 


340 

2(0.36-0.11) 


340 

2x0.25 


340 

0.5 


= 680Hz 


Example 37 

In a resonance tube experiment, if the fundamental frequency of the vibrating air column 
is 280Hz, the frequency of the third overtone is 

A. 70Hz B. 840Hz C. 1120Hz D. 1960Hz JAMB 199S 28 

Solution 

Fundamental frequency f 0 - 280Hz 

For a resonance tube, l sl , 2 nd , 3 rd overtone are f] = 3^, f 2 = 5f 0 , f 3 = 7f 0 e .t.c. 

The third overtone f 3 = 7f 0 = 7 x 280Hz = 1960Hz 


Example 38 

A tuning fork vibrating at a frequency of 512Hz is held over the top of a jar filled with 
water and fitted with a tap at the bottom. If the jar is 60cm tall and the speed of sound is 
350ms' 1 , determine the possible resonance position(s). [Neglect end correction] 

IVAEC 2003 £Li 

Solution 

Frequency f =512Hz; speed of sound V = 350ms' 1 
Height of resonance jar or tube = 60cm = 0.6m 
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From V = /if, wavelenghU = -=—= 0.68m 

f 512 

First resonanc? position, f 0 = - = = 0. 1 7m 

) 4 4 

Second resonance position, 3f. = — = - 3 * 068 =Q. 51 m 

4 4 

Third resonance position, 5f = — = - 5 * 068 = o 85m 

4 4 

Because the resonance jar is 0.60m, the possible resonance positions are 0.17m and 
0.51m. 0.85m is NOT a possible resonance position because 0.85m is greater than the 

length of the jar. 

Example 39 

If the first position of resonance in a resonance tube is 18.0cm from the open end, the 
distance from the open end to the next position of resonance will be? NECO 200& 6 
Solution 

First resonance position f 0 = k / 4 = 18cm JL=18 x4 = 72cm 

2 nd resonance position, 3f 0 = — = — — = 54cm 

4 4 


Example 40 

In a resonance tube experiment, a tube of fixed length is closed at one end and several 
tuning forks of increasing frequency used to obtain resonance at the open end. If the 
turning fork with the lowest frequency which gave resonance had a frequency f, and the 
next tuning fork to give resonance had a frequency f 2 , find the ratio f 2 /f,. 

A. 8 B. 3 C. 2 D. Vi E. V 3 JAMB 198 3 1 

Solution 


In a closed tube, frequency at first resonance; f x = 


V 

4/ ' 


Frequency at 2 nd or next resonance, L= — 

J 2 4/ 


Therefore, 


f, 47 


V 

4/ 


3V 4/ 
— x — 
4/ V 


= 3 


Example 41 

f = 750Hz J} 



Fig. 15.10 

A. 1.85ms 1 B.225ms‘ ! 


In a resonance tube experiment, the 
frequency of the tuning fork is 750Hz and 
the resonating length of air column is 0.3m 
as shown. The velocity of the wave is 

C. 300ms' 1 D. 53 x lO^ms' 1 E. 2,500ms' 1 

JAMB 1982 47 
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Solid Ion 

I 75011/; / 0.3m 

1 he (I Ingram shows second resonant position, At second resonant position, f = ^ 
Make V subject oi equation to obtain velocity of sound wave 

.. *4! 750x40x0.3 900 ^ , 

3 3 3 


Kxumple 42 

A siren luis a disc of 64 holes and makes 20 revolutions per second. Calculate the 
frequency of the sound from the siren. WAEC 1996 

Solution 

i>,.- r numberof revolution x number of holes 

fora disc siren, frequency = — : 

time taken for revolution in seconds 

20x64 ... 


Also, frequency for a toothed wheel is given by 


Frequency, f • 


numberof revolution x numberof teeth in wheel 
time taken in seconds 


Beat Frequency 

Beat frequency is a phenomenon that occurs as a result of interference of sound waves. 
Beats are heard whenever two sources of sound of nearly, but not exactly, the same 
frequency emits sound waves. If two instruments have frequencies /and / 2 such that f 2 
is greater than f,, then the number of beats per second or beat frequency, f h , is given by; 

Example 43 

A Sonometer wire has a frequency of 259 Hz. It is sounded alongside a tuning fork of 
frequency 2561 Iz. Calculate the beat frequency WAEC 2008 

Solution 

Greater frequency, f 2 = 259Hz; lesser frequency, f, = 256Hz 

Beat frequency, f b = f 2 “ f| 

f = 259 - 256 = 3Hz 
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EXERCISE 15. 

1. A note of frequency 2000Hz has a velocity of 400ms What is the wavelength of 
the note? WAEC 1994 33 Ans: 0.2m 


2. The velocity of sound in air will be doubled of its absolute temperature is 

A. doubled B. halved C. constant D. quadrupled JAMB 2005 Ans.D 

3. The speed of sound in air at sea level is 340ms* 1 while that of light is 
•OO.OOOkms . How far (to the nearest meter) from the centre of a thunderstorm is an 
observer who hears a thunder 2s after a lighting flash? 

A. 170m B. 340m C. 600m D. 680m JAMB 1988 27 Ans: 680m 

4. A note of frequency 2000Hz has a velocity of 400ms* 1 . Calculate the wavelength 

of the note. WAEC 2006 29 Ans : 0.2m 

5. A boy standing some distance from the feet of a tall cliff claps his hands and hears 
an echo 0.5s later. If the speed of sound is 340ms' 1 , how far is he from the cliff? 

WAEC 1988 35 Ans: 85m 

6. A man standing 300m away from a wall sounds a whistle. The echo from the wall 
reaches him 1.8s later. Calculate the velocity of sound in air. WAEC J991 37 Ans: 333.3m/s 

7. A man stands in front of a tall wall and produces a sound. If he receives the echo 

of the sound two seconds later, calculate his distance from the wall. [The s^eed of sound 
in air is 330ms' 1 ] WAEC 1993~ 4 Ans: 330m 


8. A sound note of frequency 250Hz and wavelength 1.3m is produced at a point 

near a hill. If the echo of the sound is received one second later at the point, how far 

away is the hill from the point? WAEC 1995 31 Ans: 162.50m 

9. A sound note is produced by a ringing bell and the echo of the note from a nearby 

wall is received 0.5s later. If the frequency of the note is 400Hz and its wavelength lm, 
calculate the distance between the bell and the wall. WAEC 1997’ 9 Ans: 100m 

10. A pulse of a sound is transmitted from a ship and the reflection from the sea bed is 

recorded after 0.2s. Calculate the depth of the sea. [Take speed of sound in sea water = 
1560ms* 1 ] WAEC2002 31 Ans: 156m 

11. A girl stands 80m away from a tall cliff and blows a whistle. If the speed of 
sound in air is 330ms' 1 , how long would it take for her to hear the echo of the sound? 

WAEC 2004 13 Ans: 0.485s 

12. A body stands in front of a tall wall and produces a sound. If he hears the echo 3s 
later, calculate his distance from the wall. (Speed of sound in air = 330ms* 1 ) 

NEC02006 33 Ans: 495m 

13. How far from a hill should a boy stand to hear the echo of his clap 1.6s later? 

[Speed of sound in air is 340ms ! ] NECO 2004 34 Ans: 272m 

14. A man stands in front of a high wall and produces a sound. If he receives the echo 

of the sound four seconds later, what is his distance from the walls. [The speed of sound 
in air is 330ms* 1 ] NECO 2002' Ans: 660m 

15. The echo of a sounder from the bottom of an ocean is heard 2.5 seconds later. If 
the speed of sound in water is 1400ms \ the depth of the ocean is 

A. 1,750m B. 3500m C. 1400m D. 2800m JAMB 1982 6 Ans: 1.750m 

16. In order to find the depth of the sea, a ship sends out a sound wave and receives an 
echo after one second. If the velocity of sound in water is 1500m/s, what is the depth of 
sea 9 A. 0.75km B. 1.50km C. 2.2km D. 3.00km E. 3.75km 

JAMB 19S5 27 Ans: 0.75km 

17. A man clapping his hands at regular intervals observes that the echo of a clap 
coincides with the next clap. If the reflecting cliff is 160m away and the speed of sound 
is 320ms' 1 , what is the frequency of the clapping. 

A 1Hz B. 2Hz C.4Hz D. 8Hz JAMB 1986' Ans: I Hz 

18. The sound from a source travelled to the bottom of the sea and the echo was heard 
4s later. If the speed of sound in sea water is 1 500ms the depth ot the sea ij» 

A. 6000m B. 3000m C. 1500m D. 375m JAMB 1994 ‘ Ans: 3000m 

19. A boy stands between two vertical wall and fires a rifle. 

(i) Under what condition will he hear a single echo from both walls? 


330 



(ii) Calculate the distance between the *$?„'[ ,‘ hC TthJnhe .via nls'heLm'the 
[Speed of sound in air = 330ms ). NECO 2007 Ans. (i) 

walls at a point equidistant from the them (ii) 1980m of the wave 

20. A wire is stretched between two points, lm apart. 1 ^ which win 

generated on plucking the wire is 200ms , what is the minimum^ f y ^ ns . jqqj^ z 
resonate with the wire? WAt * " f 

21. A note A from a guitar produces a wave of amplitude ^mm an 
1000Hz. Another note, B from a whistle produces a similar waveform o amp i 
and frequency 2200Hz. If the two notes are compared, 

A. A has a higher pitch than B. B. A is louder than B 

C. B has a greater speed than A D. B is louder than A J5 

E. A and B have the same quality NEC0 2004 A ™ : * 

22. A steel wire of length 0.50m is stretched between 2 fixed points and its 
fundamental frequency is 200Hz. The speed of the wave in the wire is 


A. 100ms B. 120ms' 1 


C. 200ms 1 D. 250ms 


JAMB J998 27 Ans 200ms ' 


23. • A string is fastened tightly between two walls 24cm apart. The wavelength of the 
second overtone is A. 24cm B. 16cm C. 12cm D. 8cm JAMB 2001 Ans: 16cm 

24. All of the following frequencies are overtones of 320Hz EXCEPT 
A. 96QHz b. 640Hz C. 520Hz D. 1280Hz E. 1600Hz 

JAMB 198 1 24 Ans: 520Hz 

25. Of two identical tuning forks with natural frequency 256Hz, one is loaded so that 
4 beats per second are heard when they are sounded together. What is the frequency of 
the loaded tuning fork? 

A. 260Hz B. 252Hz C. 248Hz D. 264Hz E. 258Hz JAMB 1984 16 Ans: A 

26. The lowest note emitted by a stretched string has a frequency of 40Hz. How 
many overtones are there between 40Hz and 1 80Hz? 

A. 4 B. 3 C. 2 D. 1 JAMB 1999 19 Ans: 3 

27. A Sonometer wire of length 100cm under a tension of 10N has a frequency of 
250Hz. Keeping the length of the wire constant, the tension is adjusted to produce a new 
frequency of 350Hz. The new tension is 

A. 5. IN B. 7. IN C. 14. ON D. 19.6N JAMB 1990 33 Ans. 19.6N 

28. A string of length 1.0m vibrates in 10 loops. If the total mass of the string is 1 .0 x 
10’ 3 kg and the tension in it is 10N, calculate the frequency of the vibration. 


WAEC 1996 Ans: 50Hz 

29. The fundamental frequency of a plucked wire under a tension of 400N is 250Hz. 
When the frequency is changed to 500Hz at constant length, the tension is 

A. 160N B. 1600N C. 40ND. 400N JAMB 2007 n Ans:40N 

30. A transverse wave is applied to a string whose mass per unit length is 

3 x 10' 2 kgm' 1 . If the string is under a tension of 12N, the speed of propagation of the 
wave is A. 40ms' 1 B. 30ms 1 C. 20ms 1 D. 5ms' 1 JAMB 2004 2 { Ans: 20ms 1 

31. The note produced by a stretched string has a fundamental frequency of 400Hz If 
the length of the string is doubled while the tension in the string is increased by a factor of 
4, the frequency is 


A. 200Hz B. 400Hz C. 800Hz D. 1600Hz JAMB 1994 32 Ans: 400Hz 

32. A piano wire 0.50m long has a total mass of 0.0 1 kg and is stretched with a tension 
of 800N. Calculate the frequency of the wire when it sounds its fundamental note 

A. 200Hz B. 100Hz C. 4Hz D. 2Hz JAMB 1994 32 Ans: 400Hz 

33. A pipe closed at one end is lm long. The air in the pipe is set into vibration and a 

fundamental note is produced. If the velocity of sound in air is 340ms' 1 , calculate the 
frequency of the note. WAEC 1989 s2 Ans: 85 Hz 

34. An open pipe closed at one end produces its first fundamental note. If the velocity 
of sound in air is V and 1 the length of the pipe, the frequency of the note is 

A. — B.^ C.il D j- JAMB 2003 is Ans: C 

/ 5/ 4/ 2/ 
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35. An organ pipe closed at one end is 80cm long. Determine the frequency of the 
fundamental note assuming that the speed of sound in air is 340ms 

A- 106Hz B 213Hz C. 318Hz D. 425Hz JAMB I Mr Ans 106Hz 

36. A pipe ot length 45cm is closed at one end. Calculate the fundamental frequency 
of the sound wave generated in the pipe if the velocity of sound in air is 360ms . 
[Neglect end corrections] 

A. 5.5Hz B. 148.5Hz C. 200.0Hz D. 550.0Hz JAMB 1994 s1 Ans 200H : 

37. A pipe, open at both ends, produces a fundamental note. If the velocity of sound 
in air is V and L the iength of the pipe, which of the following expresses the frequency of 
the note? [Neglect end corrections] 

A. 2 V B. jv c V. D. v E. V WAEC 199? 3 Ans: 

L 2 L 3L 4L 5L 


38. A tuning fork of frequency 340Hz is vibrated just above a cylindrical tube of 
height 1 ,2m. If water is slowly poured into the tube, at what minimum height will 
resonance occur? [Speed of sound in air = 340ms' 1 ] 

A. 0.95m B. 0.6m C. 0.50m D. 0.45m JAMB 2003 15 Ans:0.95m 

39. In a resonance tube experiment, the effective length of the air column for the first 
resonance is 20cm when set into vibration by a tuning fork of frequency 480Hz. 
Neglecting end effect, the velocity of sound in air is 

A. 96ms' 1 B. 255ms 1 C. 340ms 1 D. 384ms' 1 JAMB 1990 38 Ans: 384" . 1 1 

40. The shortest length of the air column in a resonance tube at resonance is > 2m 

and the next resonant length is 0.37m. Calculate the frequency of vibration given tn.u the 
speed of sound in air is 340ms' 1 WAEC 1998 s4 Ans : 680Hz 

41. If the position of resonance in a resonance tube is 16.50cm from the open end of 

the tube, calculate the distance from the open end to the next position where resonance 
occurs. [Neglect end correction] WAEC 1999~ 9 Ans 30cm 

42. If the distance from a point source of sound is doubled, by what factor does the 
intensity decreases? A. 4.00 B. 2.00 C. 0.50 D. 0.25 JAMB 2003 ~ 4 Ans: D 

43. Two tuning forks of frequencies 256Hz and 260Hz are sounded close to each 
other. What is the frequency of the beats produced? 

A. 2Hz B.4Hz C. 8Hz D. 258Hz JAMB 1991 30 Ans B 


44. 


c 


16 cm 



A. 128Hz B. 256Hz C. 512Hz 
45. 


In a resonance tube experiment which is 
illustrated in fig 15.11, the velocity of 
sound in air is 327.68ms l , the frequency 
of the tuning fork used is therefore 
D. 768Hz JAMB 1979 23 Ans: 512Hz 




l In figure 15.12, a resonance tube 

experiment is performed using one 

tuning fork. As the water level is 

lowered the first resonance is 

obtained when the length of the air 

column / = Y . The second resonance 

is obtained when I equals 
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a. x / 2 


B. 3i / 4 


c x D n, 2 JAMB 1986 s, Ans: B 

46. What is the frequency of the sound made by a siren having a disc with 

and making 25 revolutions per second? 23 0 nnu ^ 

A.80Hz B. 600Hz C. 800Hz D. 1600Hz JAMB 1992 Ans. 800Hz 

47. When the length of a vibrating string is reduced by one-third, its equency 
becomes 

A. Three times its former value B. Twice its former value 

C. One-third of its former value D. One-sixth of its former va ue 

1 / 

JAMB 2008 Arts: A mnvj- // 

48. A sound wave is produced from a source and an echo is heard t seconds 
afterwards. If d is the distance of the reflecting source from the source, V the speed, 
the wavelength and T the period of wave, then 


A . 2t n J At „ J IT ^ J AT 

A. d = — B. d = — C. d= — D. d= 

A IT At It 


WAEC 2008 Ans: d = — 


Hint: subslitule 


V - A into 2d “ Vt 


49. A Sonometer wire has a frequency of 259Hz and is under a tension of I200N. If a 
meter of the wire has a mass of 0.03kg, calculate the length / of the wire when it is 
vibrating in the fundamental mode. WAEC 2008 En Ans: 0.386m Hint: f = A.J% 


50 . A note of frequency 300Hz is produced when the length of a wire is 80cm and the 

tension is 40N. What is the frequency if the length of the wire is halved and the tension is 
doubled? NECO 2008 34 Ans: 848.4Hz Hint ./= r# 

51 . In a resonance tube closed at one end, the first two lengths of the air column that 
vibrate in resonance with a tuning fork of frequency 316Hz are 20.6cm and 73.1cm 
respectively. Calculate the velocity of sound in air to 3 significant figures. 

NECO 2008 35 Ans: 332ms 1 

52. A stretched wire of length 24cm when plucked, produces a note of the same 

frequency as that of a fork of frequency 256Hz. If the wire is then adjusted to 16cm and 
the tension kept constant, calculate the frequency of the fork which will be in tune with 
the wire. NECO 2008 EI3 Ans: 384Hz 

53 . An observer heard the sound of thunder 5.8s after the lightning flash was seen 
How far was he from the source? [speed of sound in air = 330ms" 1 ] 

NECO 2009 34 Ans: 1914m 

54 . The first two lengths of air column that vibrate in resonance with a tuning fork of 
frequency /are / x and l 2 . If the resonance tube is closed at one end, express the velocity 
of sound in terms off, / 2 and l 2 

A. if(l 2 ~ /,) B. /(/ 2 - I,) C. 2 /(/ 2 - I,) D 3 f(l 2 - 10 

E. 4 f(l 2 ~ 10 NECO 2009 35 Ans: C 

55. A sound wave from a ship is received 8.4s later. What is the debt of the sea? 

[speed of sound in water = 1 500ms’] NECO 2009 34 Ans: 6.301cm 

56 . A man, standing between two cliffs, claps his hands and hears two echoes after 

3.6s and 4.2s respectively. If the speed of sound in air is 330ms' 1 , calculate the distance 
between the cliffs. NECO 2009 Ans: 1287m 

57. A pipe closed at one end has a length of 15cm. Calculate the frequency of the 

(i) fundamental note, 

(li) first overtone [speed of sound in air = 340ms' 1 ] 

NECO 2 009 s1 3 Ans: (i) 566.6Hz (ii) 1700Hz 
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BOOK THREE 




1 


GRAVITATIONAL FIELD 


gravitational force 

unvimruxiat field is ct\c recion around a Nvl\ having nuiss ia 
W ot the Kviy can he exponent Gradational force ol iWytlcm Wwyn 
bodies is governed by the .Ye* row V /**•• o/wwnvrxr/ gniritafioH. whu s a i s 1 • 
r\\o particles of nutter attracts one another with a toive 1 . winch is pmpoitn na 
pcwiuct ot their masses m* and inversely projxMlional to the squatt ol I kii ^ i 
r. apart 



R§. M 

Gravitational torcc betw een tw o masses is civen by 

(I'm.iih 

F = 

i- 

Where rrti and m 2 are the masses of the two particles; r is the distance betw een masses 
m i m 2 : G is the gravitational constant = b.b7 x 10 ' X{ Nnrkij * 


Example 1 

Tw\> spheres ot masses 100 Art; and 90A;tj respectively have their centers separated by a 
distance of 1 Om.Calculate the magnitude of the force of attraction between them. 
[G = 6.70 x 10 -"Snrkg- : ] W AHC 2002 ” 

Solution 


rri, 


r = U 


Fig. 1.2 


■© 


Force of attraction F = — ». W; * 670 * U> 11 x 100 x 90 


1- 


= 6.od x io“ 7 a/ 


Example 2 

A force ot 200\ acts between two objects at •% .vrh»in «: .» 

force when the distance .s halved ,s A. 1001V B. 200NC.XoJTv 400 ”' C 
Solution MM» 2005^ 

Intrial force. F, = 200W; final force (when distance is halvedl r -■> . 

r, = r; final dtstance r ; = r/2 (- - - /Ac ,/momv is halved 1 F * ; hWwl ll,s,imcc 

Gravitational force is inversely proportional to the square of the distance; 

F * — 


Fir? = F.ry 


200 x r : = Fj x ( r / 2 ) 3 

200 x r J = F> x — 

1 4 
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Rearm nging, F 2 


4 x 200 x r 2 


.. F, = 800/V 




Example 3 

lhc gravitational force between two objects of masses 10 24 and 10 27 is 6.67N. 
Calculate the distance between thcm(G = 6.67 x 10' 11 Nm 2 kg -2 ) NECO 2008 50 

Solution 


F = 


m, = 10 2 *kq 

0- . 

um 1 m 2 


Gm 1 m 2 


m 7 = 10 27 fc/j 

■e 


. 2 _ 6.67 x 10-" x 10 24 x 10 27 

~~Z 6^67 

r = VlO 40 = 1.0 x 10 2O m 


10' 11 x 10 24 x 10 27 = i0- n+24+27 = 10 40 


Example 4 

A planet has mass m l and is at a distance r t from the sun. A second planet has i s m 2 — 
10m l and is at a distance of r 2 *= 2r x from the sun. Determine the ratio of the 
gravitational forces experienced by the planets. 

A. 1:5 B. 2:5 C. 3:5 D. 4:5 JAMB 1997 8 

Solution 

First planet: mass m = m! ; distance r — r, 

Second planet: mass m = lOm^ distance r 2 = 2 r 2 ; mass of the sun = m s 

G 771 5 771 

Substitute for each planet into gravitational force equation F = — 

2 nd planet 

_ G x m s x lOrrij 

F?= (^j 2 

G x m s x lOmj 
= 4^ 


1 st planet 

G x m s x 
Fi= T - 


F 2 G x m s x 10m! G x m s x m l 
Ratio of gravitational force, — = ^ + p 

F 2 G x m s x lOmj r 2 

F l 4 r 2 Cx^xmj 

F 2 Cxm s xl0m 1 xr 2 10 
Rearranging, - = CxnijXmiX4r 2 = T 

F 2 _ iO _ 5 

“T _ 2 

Therefore, f 2 : Fj = 5: 2 or F l :F 2 = 2:5 Ratio of gravitational force is 5: 2 or 2: 5 


Example 5 

The force of attraction between two point masses is 10 N when the distance between 
them is 0.18m. If the distance is reduced to 0.06m, calculate the force. 
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B. 3.3 x 1 0~ 5 N 


C. 3.0 x 10 *N 


I). 9.0 x 10-“/V 
JAMB 1990 


A. 11 x 10 _S /V 


Solution 

F'<w. F 1 = 10 _4 /V; r t = 0.18m 
2"'' m«'. F 2 =? ; r 2 = 0.06m 

Gravitational force (I ; ) is inversely proportional to square ol the ^' sl ^ 2 
Therefore, F^ 2 = F 2 r 2 Substitute to obtain 10 4 x 0.18 — F ; 2 x 
1(T 4 x 0.18 2 10" 4 x 18 2 10~ 4 x 324 _ Qn v ^-4/y 

2 ~ 0.06 2 6 2 “ 36 


GRAVITATIONAL POTENTIAL ... 

Gravitational potential, V, is the potential due to the gravitational fie ° tie carm. is 
defined as the work done in taking a unit mass from infinity to the point (a pa icu ar 
distance form the center of the earth). 

GM 

Gravitational potential V = — y ~ 


Where M = mass of the earth 

G = gravitational constant 
r = distance of the point from center of earth 

The negative sign indicates that the potential decreases as the object is moved from 
infinity towards the earth. 


Example 6 

What is the gravitational potential at a point on the surface of the earth if G — 6 • 6 x 
10 -11 N772 2 A:^" 2 and the radius and mass of the earth are respectively 6 • 4 x 10 6 ra and 
5 • 98 x 10 24 kg > 

Solution 


M = 5 • 98 x lO 24 fc0 ; r = 6-4x!0 6 m; G = 6 • 6 x 10 ' 11 Nm 2 ^' 2 


Gravitational potential V = - 


GM 

r 


6-6 x 10“ n x 5-98 x 10 24 
6.4 x 10 6 


3 • 95 x 10 14 
6 4 x 10 6 


= 6.2 x 1 0 7 Jkg“ l 


ACCELERATION DUE TO GRAVITY/GRAVITATIONAL FIELD 
INTENSITY 

The acceleration due to gravity ( g ) is also known as the force per unit mass (m) of an 
object and is responsible for the weight or force an object experiences on the earth 

Gm e m 

From F = — ^ — ( m e and r e are mas s and radius of the earth respectively) 

F Gm e 

Force per unit mass — = — r- 

m r/ 

Acceleration due to gravity is equal to force per unit mass. 

F Gm c 

Therefore, g - — or g = — y~ 
m r/ 

Hence, F — mg 
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Example 7 

The magnitude of the gravitational attraction between the earth and a particle is40N. If 
the mass of the particle is 4 kg, calculate the magnitude of the gravitational field intensity 
of the earth on the particle WAEC 2002 

Solution 

Force of attraction on particle, F = 40N; mass of particle m = 4 kg 


Gravitational field intensity, 



10 Nkg- 1 


Example 8 

The mass and weight of a body on earth are 8 kg and 80 N respectively. Determine the 
mass and weight of the body respectively on a planet where the pull of gravity is - that on 

earth. WAEC 2005 

Solution 

Mass m = 8 kg; weight w = 80N 
Weight = mass X acceleration due togravity 
w = mg 

Therefore, g = w / m = 80 / 8 = 10ms“ 2 
1 1 

- of <7 = - x 10 = 1 • 25ms 2 

o a 

m = 8 kg mass of objects do not change whatever their location. 

From iv = mg ; w = 8 x 1 • 25 = 10N Ans: 8kg, 10N 


Example 9 

The earth is four times the size of the moon and the acceleration due to gravity on the 
earth is 80 times that on the moon. The ratio of the mass of the moon to that of the earth is 
A. 1:320 B. 1:1280 C. 1:80 I). 1:4 JAMB 2004 17 

Solution 

Acceleration due to gravity on moon g m = 1 
Acceleration due to gravity on earth, g e = 80 
radius of the moon, r m = 1 
radius of the earth, r e = 4 
Gm 

Acceleration due to gravity, g = 

Gm e 

For the earth, g e —T‘ 

• e 


Therefore, m e = 


9 e r t : 


For the moon, 


Gm„ 


9m ~ ' 


Therefore, 


m m = 


G 


The ratio of the mass of the moon (m m ) to (hat of the earth (m ( ) is: 

_ 9m ^ 9e^e 9 nt ^ ^ 

m7 ~ G G ~ G g e r} 

tHm _ 9m r m su b st j tut j n g^ wc obtain 
m e g erf- 
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Wrn 1 X 1 ? 1 I 

m r HO x 4 2 HO x 16 1 2HO 


Tlioi oforc, rrt„, : nu 


= 1 : 1 2H0 


WEIGHT OF OBJECTS IN SPACE 

. . pvnrr ienccs the full extent of the 

When an object is on or near the surface of the earth, i ^ I wcvcr< ^ tJlc () Hj CC t (| or 

force of gravity or acceleration due to gravity of the eat ^ surface or center of 

example a satellite) is launched into outer space at a distance : . jla(|()na | forcc on thc 

the earth, the weight of thc object reduces because the ea y farther the distance 
object diminishes in proportion to its distance from the ea 
from the earth, thc lesser thc weight. 


Example 10 

If the weight of a satellite on the earth’s surface is 2000 N, 

a. What would be its weight when it is r , v * 

(i) at a distance equal to the radius of thc earth from the surface o t le ea 

(ii) at a distance of 1.28 x 10 7 m from the surface of the earth / 

(iii) at a distance equal to four times the radius R of the earth, from t c center 
of the earth 

b. For each case in (a) above, derive an expression for the acceleration due to gravity 

( g s ) m space with respect to the acceleration due to gravity (<?<?) on earth. 

L Radius of earth R = 6 • 4 x 10 6 m] 

Solution 

Let W e = weight of satellite on earth = 2000/V 
W s = weight of satellite in space 
M = Mass of the earth 
m = Mass of the satellite 
g e = Acceleration due to gravity on earth 
g 5 = Acceleration due to gravity in space 
R = Radius of the earth = 6 • 4 x 10 6 m 

a(i) 


Satellite 

Earth 

Fig. 1.3 

Distance of satellite from center of earth = R + R 

The weight of the satellite in space W s is equal to the gravitational force of attraction 
between the earth and thc satellite in space. 



F = W< = 


Rearranging, 


GMm GMm GMm 
(R + R) 2 = (2 R) 2 = ~4R 2 

m GM 


™9e 


G M 

substituting g e = — _ 
R 


W s = — — = [su/)5fttufe W e = mg c ] 


W e 200N 

Therefore, W s = = — — = 500 N 

4 4 

This means that the weight of an object in space at a distance R (radius of earth) from thc 
surface of thc earth or a distance 2 R from the center of the earth is one- fourth n*> woiulu 

on earth: W s = * Ve / 4 . 
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(ii) If the radius of the earth R = 6 • 4 x 1 O^m, 
Then 1 • 28 x 10 7 m = 2 x 6 • 4 x 10 A = 2 R 


0. 


2 R 


Earth 


Fig. 1.4 

In similar manner to a (i) above; 
Weight of satellite in space, W s = 


Satellite 


GMm GMm 


GMm _ 

(fl + 2/? 2 ) (3 R) 2 — 9 R 2 

CM] 


m GM > N . 

Reananging = — • — [substitute - — j 




m 9e 


[substitute Vt'. = mg c \ 


W* = “Vq 


Therefore, W s = 2000/V/9 = 222.22N 

Hence, the weight of object in space at a distance 2 R from the surface of the earth or a 

w 

distance 3 R from the center of the earth is one-ninth its weight on the earth: 

(ni) 



Satellite 


Earth , „ 


Fig.1.5 


4 R- 


W s 


GMm GMm m GM mg t . W r 

(4 R) 2 = 16 R 2 “ ?6 ' H* = ~7<T = 7b 


W e 2000 

"-“ii— ir = ,MM 


Therefme, at a distance 4 R from the center of the earth or distance 'Ml limn the surface of 
the earth, the acceleration due to gravity or the weight of an object is one-sixteenth of that 


w 

on earth: W — — 


h. 1 n>m a (i) the equation W s = — can be rewritten remembering that generally, 
\fV - n<y 


W, 

T 
**<!,> 
4 

Hr 

/h = 1 


w s = 


At » distance 211 I mm the center of the earth, an objeel expeiienccN */ j lour fouiili) of 
the earth s force of gi.ivity i e. actvlaahon due to giavity 


From a (ii.' 


W - 


W 


13 * 



9 s m g 


mg e 

= — 


From a (iii) W s = ■— 


mg e . „ _^£ 

^=TT *~16 


ESCAPE VELOCITY 

Escape velocity is the minimum velocity with which an object 
rnflarurr of the earth's gravitational field. 


would just escape from the 


I2CM 

Escape velocity V e = y/2gR = I— — 

Where ^ = acceleration due to gravity of the astronomical body (earth) 
R = Radius of the earth (astronomical body) 

M — Mass of the earth (astronomical body) 


Example II 

What is die escape velocity of a satellite launched from the earth's surface ? (Thke § as 
IOttls - 2 and die radius of the earth as 6 • 4 x 10*m) NECO 2002 

Solution 

g = 10ms" 1 ; R = 6 * 4 x 10*m 


Escape velocity = ^/2 < 7 /? = V2xl0x6*4x 1 C 


= >/l - 28 x 10 fl = 1 • 13 x 10 4 m/s = 11.3lrm/s 

Example 12 

Complete the following 1 iMc, assuming Newton's law of universal gravitation. 

[G = 6.67 x 10 - u Nm z kg’ 2 ] 


TabU /./ 



Mass of planet Af = 2 • 0 x 10 27 fc£ 


diameter 1 • 84 x 10 a m 

Radius r = = = 9 • 2 x 10 7 m 
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Substitute into g = “■ to obtain acceleration due to gravity in planet A 


9 = 


6 • 6 x 10 -11 x 2 • 0 x 10 27 

"(9^2 x 10 7 F _ 


: 15-76 m/s 2 


Weight of 10/cg ball, W = mg = 10 x 15 - 76 = 157 -60N 

v-l' (; i : ' j_ : i 

Escape velocity V e = J~2gR = V 2 x 15 • 76 x 9 • 2 x 10 7 = 5 • 39 X 10 4 m/ s 


Planet B 

Mass of ball m = 10/co; weight of ball, W = 98N 

W 98 

From IV = mg, acceleration due to gravity in planet B is g = — = — 

, v; .. • .■ • 

= 9.8ms' 2 


„ diameter _ , . 

Radius r = = 1 • 28 x 10 7 /2 = 6 • 4 x 10 6 m 


i !•■.(! 

J:; v L-qi/jc-f | 

* r;^x 


CTAf ^ •/ ‘ v' «« ’• : 'i 

& T7 mass of planet B> M = 


gr 1 
G 


9-8x(6-'4*tlO«'I 21 ■■ •• 

U U/ /> lli 


i .^nfla/'di 

-.r!l ■!,'! W^iO » 

. I i r" w/j.-fJ ::<,»«■; jL-T. r U, ‘.ill? 

f .;mi In 

o . /rxj .r;:)'; | r *.ci 1 7 .i>rrv/iT ^ 
v) ;(l 


Escape velocity ^ =* V2x 9 • 8 x 6 • 4 x 1<J* = 1 * Wife* 4 ’ 

s ' • ‘ : i nr :r *>.- j v»"I -jif» ft.ili > •>;».£ 


'3 :v,aA . v!i J • *•' -f»I - - • - • . - - ) 

->f!r i J l I • l\\> (} * • 01 in:; A,';. • /’ 

Planet C : j\ v fy. • : A x P(* 

Mass of planet A* =;■ 7.4 x I0 22 kg o : 0; 


C I .‘A 1 r:f 

f;m ! ' ' , i .■/ I * 

< * Vi ' t» * U/ivi rjc-rfoL; 1 **; k; 

: ci 


v : i < ‘ \ • v. ; 

Mass of ball fn = 10/cg; weight of ball W = 16N 

.of:! • < ;p> ■ j.i. -.’is .jy»r.io \-j i‘>i i: rio :oi jfl' -j'lIh j(i, > .r 

From W = mg, g = — = — = 1.6ms~ 2 

. m 10 r \\i ,< ; - i 

Jr? - J j ■ t. : >4 Jr < ..TIL'. 'J.'i! l! • i’T'V.; . M L’jVTLJCC; I LH'i! i.\! ! /; U ."1! .’/.I .'.\\> 0 

From g = —r. r 2 =^-’ v - ■' m:: i.. :«.y o’oi 

\)T Z S <;l r i.i g Hi V vx/. • c> -A -;,V-A t|| y V.O A 

x .r.sl'-'l- ’ .i. :it t i ] | • « ir. ni -jm!. ■r.t!i; -.iir>q iijr.oU:.?! / - jr 1 ' ' T 

GM- 1 6.67 x 10 Jfi x 7:4 x JO 22 

= V 3.08 x 10 12 = 1.76 x 10 6 m 


.. Radius.r J— , ,=, 

d ' • 9' 1 


J' 


1.6 


A;i-;.iL i: :• 


iiiitoiiLa . ■ r.i ■ / r? » . 


Diameter, = 2r =2x1 - 76 x 10^ — * 3 * S x 10^m Ji •. i,-; • A } 

; 1 ( ?» 1 x 'i 

Escape velocity,' V..‘ = JZgtf = V2 x 1 • 6‘x X '76 x 10 6 = V5 • 63 x I0 fl 

^ J ,i ,y ( n -H :<* /ill .r v'rn -.;?)• ,1 * . r r. . / o; v •{ ; <t 

c , 0 \ *V/. 0[ < 1 o ) \ ‘ / ' =r 2373ms" 1 >• '• 

• pca ov i 

nc o; orll oifu r re - v*r . f ?u>. - flrr..j _-fl] ?m l: / • » u * li^.y im A . i'l 

f riable l».fl ts redrnwn .wiihtiheicfilfiilflted vajiues fdr planet A;rH nbd Ctos ^howrLiojtalale 

-r 1 ' v ‘A »uIW no/lLlI 'M’J U./.rj/nui !;* / '.;i U V Ol kl) • . 

1 .2 below. rpc>- ?i?K tl 'j(>uni!t. ,<ll tc <vm 
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Planet A 

Planet B 

Planet C 

Mass 

2.0 x 10 21 kg 

6.0 x 10 24 kg 

7.4 x 10 22 kg 

Diameter 

1.84 x 10 8 m 

1.28 x 10 7 m 

7.4 x 10 22 kg 

Weight of 10k# 

ball 

157.60/V 

98N 

16 N 

Escape velocity 

5.39 x 10 4 m/s 

1.12 x 10 4 m/s 

2373 m/s 


TabU 1.2 


EXERCISE 1 

1- Given that the gravitational constant is 7 x 10 ~ 11 Nm 2 kg 2 , what is the force of 
the attraction between I0 6 kg mass of lead hanging one meter away from a 10 kg mass 
of iron? WAEC 1990 36 Ans: 1 x 10' 2 N 

2. Two object of masses 80 kg and 50 kg are separated by a distance 0 • 2m. If the 
gravitational constant is 6-6x 10 ~ 11 Nm 2 kg~ 2 J calculate the gravitational attraction 
between them WAEC 199 1 42 Arts: 6 * 6 X 10 -6 W 

3- Given that the gravitational constant is G, Newton’s universal law of gravitation 
states that the force of attraction between two masses M x and M 2 separated by a distance 
r is A. Cr 2 Af x M 2 B GrM t M 2 C. D. WAEC 2004 42 Ans: C 

r 2 r 

4. Two spheres of masses 5 * 0 kg and 10- 0 kg are 0 ■ 3m apart calculate the force 
of attraction between them. A. 4 * 00 x 10 2 N B. 3 - 57 x 10 -2 /V 

C.3 ■ 71 x 10 e N D.3 - 50 x 10 ' 10 N [G = 6 - 67 x 10~ 11 Nm 2 kg~ 2 ] 

]AMB 2007 35 4ns: 3 • 71 X 10 B N 

5. Calculate the force on a mass of 10 kg placed on the earth's surface. 

(Radius of the earth = 6 • 4 x 10 6 m, mass of the earth = 6 • 0 x 10 2 *kg. ) 

G = 6 • 7 x 10 ~ 11 Nm 2 kg- 2 NECO 2006 39 Ans: 98 N 

6. Calculate the gravitational potential at a point on the earth’s surface. (Radius of 
the earth = 6 • 4 X 10 6 m, mass of the earth = 6 - 0 x IQ 2 * kg. 

G = 6.7 x 10 - ll Nm 2 kg- 2 ) NECO 2Q06 67 Ans: 6 • 28 x 10 7 Jkg~ l 

7. What is the gravitational potential due to a molecule of mass m at a distance r 

from it? (G = gravitational constant) B.^ C.^- D.-™ 2 - £ 

WAEC 1989 37 4ns: 

8. What is the gravitational potential due to a point mass m at a distance from it? 

(G = gravitatonal constant) A. - j - B. Gm C.-~- D.^^- £ - G ™ 

r r Cr z r ' 2 

WAEC 1993 3 * Ans: D 

9. The force experienced by an object of mass 60 • 0kg in the moon’s gravitational 
field is 1 ■ 002 x 10 2 N. What is the intensity of the gravitational field? 

A. 0.60 Nkg-' B. l.GTNkg' 1 C. 6.12 x l0 2 Nkg~ 1 D . 9.81ms' 2 

JAMB 1993 7 Ans: 1.67 N kg- 1 

10. A missile weighing 400/V on the earth’s surface is short into the atmosphere to an 

altitude of 6 • 40 x 10 6 m. taking the earth as a sphere of radius 6 • 4 x 10 6 m and 
assuming inverse square law of universal gravitation. What would be the weight of the 
missile at the altitude? WAEC 1997 7 Ans: 100/V 
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II- A Ho«ly moves in a circular orbit of radius 4ft round the earth I:\prcsS the 
acecleiation of free fall due to gravity of the body in terms ot 
H |W = r.idius of the earth, r; - nederationof free fall due to gravity ] 

A.— C. D.- E- N E CO 2007 3a Ans: j 9/ 16 

Q 16 g 4 U 

1 2. I he gravitational force of the moon is one-sixth that of the earth. If a body weighs 
8 • ON on the moon, calculate its weight on the earth. NECO 2004 41 /Ins: 48 N 

13. Calculate the escape velocity for a rocket fired from the earth’s surface at a point 
w here the acceleration due to gravity is 10ms -2 and the radius of the earth is 6 x 10 m 
WAEC 1989 38 Arts: 1 • 1 x 10 4 m/s 

14. C alculate the escape velocity of a satellite launched from the earth s 
surface. (Take g as 10 ms~ 2 and the radius of the earth as 6.4 x 10 6 m) 

WAEC \993 3 lAns: 1.13 x 10 4 ms -1 

15. What is the escape velocity of a body on the surface of the earth of radius ft if the 
gravitational constant is G and the mass of the earth is 3f?(Neglet energy losses to the 

surrounding) A.JlGR ft. C.'JlGR 2 D. E. >J2GM 

\ R v R 

WAEC 1995 35 Ans : D. Hint V e = ^^ft \ 9 =~ R 7 

16. A rocket is launched from the surface of the earth. If the radius of the earth is 

6 • 4 x 10 6 m and the acceleration of free fall due to gravity is 10ms -1 ca 1 ’ate the 
escape velocity of the rocket. WAEC 1996 5 Ans: 1 • 13 x 10" -1 

17. A rocket of mass m is fired from the earth surface such that it just escapes from 
the earth's gravitational field. If ft is the radius of the earth and g the acceleration of free 
fall due to gravity, the escape velocity of the rocket is expressed as 

A.yi^ft ft. yj R/2g C.JY^/R D.jR 2 /2g WAEC 1999 35 A — A 

18. Calculate the escape velocity of a satellite from the earth s surface, lake g as 
10ms -2 and the radius of the earth as 6 • 0 x 10 6 m 


NECO 2000 39 Ans : 1 • 1 x 10 4 ms -1 

19. Calculate the escape velocity of a satellite from the earth's attraction, [g = 
10ms -2 , radius of the earth = 6-4xl0 6 ?n] NECO 2 005 4 ° Ans: 1.1 x 10 4 ms -1 
20 The escape velocity of a rocket at location R meters, above the surface of the earth 

of mass M and radius R, is given by 


A. V2 GMR B - 


2 CM 


D 


CM 
2 R 


E. 21 


21 . 


NECO 2008 16 Ans: C 

The values of x.y and z respectively in the expression M x L y T z for the universal 


gravitational constant G are 

A. 2.-3, -2 B. -1,3. -2 C. -1.2. -3 D. -2.-1, 3 JAMB 2009* Ans: B 
22. The gravitational field intensity at a location X. in space, is tw o-llfths of its value 
on the earth s surface If the w eight ol an object at X is 4. SON, w hat is its w eight on the 
cart h » NECO Ans: 1 2 00N 
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2 

ELECTRIC FIELD: STATIC ELECTRICITY 

Slatic electricity or electrostatics is the study of charges at rest. A charge is an a, °” 1 ’^ al 
has lost or gain e lectron An electric field 19 a region or space where a system of electric 
charges experiences an electric force. 

COULOMB’S LAW 

Electric force between two charges is governed by Coulomb's law which Mates that the 
force of repulsion or attraction between two point charges is directly proportional to the 
product of the two charges and inversely proportional to the square of the distance 
between the two charges 

That is, Qr F _ Q 2 1 

j2 r 2 r 2 

*Q— t — O" 

r 

Fig. 2.1 " 

Where F = magnitude of electric force in Newton (N) 

Qi,Q 2 ~ charges in coulombs (C) 

r ~ Distance between charges in meter (m) 

K = 4 ^ ~ 9x 10 9 /Vm 2 C“ 2 or 9 x lO 9 ™/*" 1 

£ o = Permittivity of free space = 8.85 x 10 ~ u C 2 N~ l m' z 
or 8.85 x 10~ 12 Fm' 1 


Example 1 

An electron is a. a dis<ance of 5.0 x 10-m away from the center of a proton. Calculate 
the electrostatic force on it. (Electron charge = - 1.6 x 10 _1 Y, proton charge - 
+ 1.6 x lO-'X— = 9.0 x 10 q .Vvt 2 C" 2 1 

4ne a j 

Solution 

Distance r = 5.0 x 1 O'- 11 m; </, = c h = 1.6 x i ()-*«<■;. — = 9. 0 x i 0 q N rL - 
Electrostatic force F = _L_ x 

■+Tl£ n yt 

.. j 2 ^ z- 3cv * i 0 -;b 

(5 x in- 1 " - p 

= 9.2 X v 

9.2 x I0" 8 /V is a force of attraction 


E.vamnle 2 

<1 the (' stance between iwo poim charges is increased by a tja. 0 .\j 
the electrostatic force between them will be A ; of its former v r J0 

value. C.^ofite former value I) 4 tunes its former value 
Solution 

The inverse square law F - -i- relates electrostatic force (/■’) .-i r j ] ut . MV 


H ; of us forttet 
/>’■’'(? 2CO~ 
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1 — '1 ( diktat! <v /v increased by a Jut l<n - of four) 

Therefore, electrostatic force F = — = — = — 

r 2 4 2 16 


ELECTRIC FIELD INTENSITY 

Electric field intensity (E) also known as the strength of an electric field at any point, is 
defined as the force (F) experienced by a unit positive lest charge (<f) at that point. 

Electric force = Electric charge x Electric field intensity, 

F = qE 

F a K>q 

Electric field intensity E - — or E = or E = — y 

q 4ne 0 r 2 r z 

The unit of electric field intensity is Newton per coulomb, NC ~ 1 


Example 3 

In a uniform electric field, the magnitude of the force on a charge of 0.2 C is 4 N. 

Calculate the electric field intensity. WAEC 1999 37 

Solution 

Force; F = 4 N\ charge q = 0.2C 

, F 4 N 

Electric field intensity E = — = — — — = 2QNC 1 ~ 

q 0*2 C 

Example 4 

Calculate the magnitude of the electric field intensity in vacuum at a distance of 25cm 
from a charge of 5 x 10 _3 C. Wake — — as 9 x 10 9 /Vm 2 C -2 | 

l 47T£ 0 J 

NECO 2004 42 

Solution 

Distance r ~ 25cm = 0.25m; charge q - 5 x 10 ~ 3 CNm 2 C~ 2 
— = 9 x 10 9 /Vm 2 C“ 2 

4 


F = 


g 

4he q t 2 


5 x 10' 3 x 9 x 10 9 
(0.25) 2 


7.2 x lO^C' 1 


Example 5 

A charge of 1.6 x 10 _10 C is placed in a uniform electric field of intensity 

2.0 x 10 5 jVC - 1 , what is the magnitude of the electric force exerted on the charge? 

WAEC 199 5 36 Solution 

Charge q = 1.6 x 10" 10 C; F = 2.0 x 10 5 /V(T 1 

Electric force F = qE = 1.6 x 10' 10 x 2.0 x 10 s = 3.2 x 10 ~ S N 


Example 6 

Two point charges of magnitude -1-20 x 10" 8 C and -5 x 10 _8 C are separated by a 
distance of 10cm in vacuum as shown in the diagram below. 

P 

+20 x 10" 8 F • — • -5 x 10 _8 C 

5cm 5cm 

•4 > 


Calculate 


(i) 


The electric field intensity at a point P, midway between the charges. 
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(ii) The force on a -4 x 10 e C charge placed at I /\j£CO 2004 tH 

Wake — = 9 x 1 0 9 /Vm 2 C' 2 ] 

l 4m 0 i 

Solution 


+ 20 


£i 

. 5 cm 


p 2 ? -5 x 10 ' n f 

5 cm 


(i) Field at P due to q l 

E — qi _ 20 x 10 8 x 9 * _ 7 2 y mS/Vf ' 1 

1 47T£<,r 2 0.05 2 

Field at P due to q 2 

E = Si = 5 X io~ e X 9 x 10 = 1 8 x l0 s NC -i 
2 47Tf G r 2 0.05 2 

Resultant field at P is E = E 1 4- E 2 

E = 1.8 x 10 s + 7.2 x 10 5 = 9 x 10 5 /Vf _l 

The field is directed towards the —5 x 10“ 8 Charge 

q = 4 x 10‘ 8 C; E = 9 x 10 5 /VC _1 

Force F = qE = 4 x 1(T 8 x 9 x 10 s » 3.6 x 10" 2 /V 

Because the charge (—4 x 10 _n C) is negative, it’s directed toward the positive charge 
(+20 x 10" 8 C). 


Example 7 

A student is at a height 4m above the ground during a thunderstorm. Given that the 
potential difference between the thunder cloud and the ground is 10' V, the electric Held 
created by the storm is A. 2.0 x 10 6 A/C “ 1 B. 2.5 x 10°/VC _l 

C. 1.0 x 10 7 NC~ 1 D. 4.0 x lO 7 /^" 1 I AMR 2001 2(1 

Solution 

i/ 

Electric field intensity, E — - 
Potential difference V = 10 7 ; distance r = 4 m 


E 


— - 2.5 x 1 0 b NC~ l or 2.5 x lU'Tm 1 
4 


Example 8 

The potential difference between two parallel plates of a capacitor placed ,V5cm apart is 
5V. Calculate the magnitude of the electric field intensity between the two pines' 

NI-CO Z00.M'" 

Solution 

Distance between plates, r — 3.5cm = 0.035m 
Potential difference, V = 51/ 

V 51/ 

Flectrtic field intensity, E = - - 7 —-— = 142.861/nr 1 

r 0.035m 

Example 9 

A charge 50/iC has an electric field strength of 360A/C 1 at a certain point l he He ti 1 
field strength due to another charge 120 /i/r kept at the same distance apau and in ih • 
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same medium is 

A. 1BNC~ 1 B. 144/VC" 1 C.864/VC- 1 D. 150/VC' 1 

Solution 

Charge q = 50/iC = 50 x 10' 6 C; Electric field strength due to 50/iC 
Electric force of the medium F = qE = 50 x 10' 6 x 360 = 0.0 18/V. 


JAMB 2007 44 
E = 360/VC' 1 


Electric field strength due to 120/<C(120 x 10" 6 C)Charge J 

£ __ 0£18 , 

120 xlO 6 


ELECTRIC POTENTIAL AND POTENTIAL DIFFERENCE 

Electric potential (l^) at a point is defined as the work done by an electric fiel in 
bringing a unit positive charge from infinity to that point 

\ q 

Electric potential V = .- orV = K — 

K 4rrc 0 r r 

Example 10 

Calculate the electric potential at a distance of 20.0cm from a point charge of 0.01 5C 
placed in air of permittivity. [ Take 9.0 x 10 9 Wm 2 C' 2 j. WAEC 1995 40 

Solution 

Distance r = 20.0cm = 0.2m; charge q = 0.015C ; = 9.0 x 10 9 /Vm 2 C' 2 

Electric potentail V = — — • - = 9 x 10 9 x °*° 15 
4ttc„ r 0.2 


1.35 x 10 8 
02 


= 6.75 x lO 8 ^ 


Electric potential difference between point A and point B ( V AB ) is defined as the work 
done in moving a unit positive charge from A to B. 

q #. 

A* *B + E 

<4 r ► 

Fig. 2.2 

Work done = charge xp.d between A and B 

W = qV (1) 

W = q(V A - V B ) 

In general, work done = force x distance 

Therefore, work done = electric force between A and B x distance betwen A and B 
W = Fxr 

Remember, F - qE (E = electric field intensity ) 

W = qxExr (2) 

i.e. work done = charge x field intensity x distance 
Equating both work done in equation in 1 and 2 we obtain 
q x E x r = qV 
E xr = V 
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V 

E = — 

r £ 
This equation sums up the relationship between electric field intend ty 

potential V. Unit of field intensity is also Vm -1 


and electric 


Example 11 

If two charged plates are maintained at a potential difference 
in taking a charge of 600 pC across the field is 
A. 1.8 / B. 18.0/ C. 0.8 / D. 9.0/ 


of 3 K V, the work done 
JAMB 2007 40 


Solution 

Potential difference, V = 3 KV = 3000K; 


charge 9 = 600,<C = 600 x 10 6 C 


Work done = charge x potential difference 
W = qV = 600 x 10" 6 x 3000 = 1.8/ 


Example 12 

A work of 30 joules is done in transferring 5 millicoulombs of charge from a point B to 
a point A in an electric field. The potential difference between B and A is. 
WAEC 1990 39 
Solution 

Work done W = 30/ ; charge q = 5 millicoulombs = 5 x 10" 3 C ; 

Work done = charge x p. d. 

W 30 

W = qxV — = - — — — r = 6000K 

q 5 x 10" 3 

Example 13 

A point charge of magnitude 2.5 pC is moved through a distance of 0.04m against a 
uniform electric field of intensity 15 Km" 1 . Calculate the work done on the charge. 

NECO 2007 41 

Solution 

Charge, q = 2.5 pC = 2.5 x 10" 6 C; distance r = 0.04m; 
field intensity E = 15Vm -1 

Work done kK = qx£xr = 2.5x 10" 6 x 15 x 0.04 = 1.5 x 10" 6 / 

Example 14 

Two parallel plates at a distance of 8.0 x 10" 3 m apart are maintained at a 
potential difference of 600 volts with the negative plate earthed. What is the electric 
field strength? 

A. 4.8Km -1 B. 75.0Km" 1 C^OO-OKm" 1 D^SOOO.OKm" 1 JAMB 1995 37 

Solution 

Potential difference, V = 600K; distance r = 8.0 x 10 _3 m 
V 600 

Electric field intensity E = — = 8 Q x 10 -3 = 75000Km _1 


ELECTRON VOLT 

Electron volt is defined as the quantity of energy gained by an electron when it 
accelerates through a potential difference of 1 volt. The unit of electron volt is joules 

Work done by electron = charge x potential difference 
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Kinetic energy (K. E) = q x V 
^mv 2 = q x V 

Where in = mass of electron In kilogram (kg) 
v = velocity of electron In ms" 1 
V = potential difference 
q = magnitude of electron charge 


Example 15 

An electron of charge 1.6 x 10‘ 19 C and mass 9.1 x 10~ 31 kg is accelerated between 2 
metal plates with a velocity of 4 x 10 7 ms _1 , the potential difference between the plate 
is A. 4.55 x K^V B.9.10xl0 l V C.4.55xl0 2 V D.4.55xl0 3 V JAMB 2000 
Solution 

Charge q = 1,6 x 10" 19 C; mass m = 9.1 x 10~ 21 kg; Velocity v = 4 x 10 7 ms~ l ; 
p. d V =? 


From, -my 2 = q x V 


Potential difference, 


V = 


_ 2 mv2 _ 0.5 x 9.1 x 1(T 31 x (4 x 10 7 ) 2 
q 1.6 xlO" 19 

7.28 x 10~ 16 


1.6 xlO" 19 


= 4.55 x 10 3 V 


Example 16 

An electron of mass m and charge e enters a uniform electric field between two metal 
plates P and Q separated by a distance d. P is maintained at a potential V while 5 is 
earthed. Determine an expression for the magnitude of the acceleration of the electron 
through the field A B.-±- C.^ D.-f— WAEC 2006 39 

md meV eV Vmd 

Solution 

a = acceleration; F = electric force; q = charge = e 

E = electric field intensity; m = mass; r = distance = d; 

V = potential difference 

F = ma F = qE E = - 

r 

From F = ma and substituting above equations, we obtain 

a = — = Sl qx V A 

mm m 

Substitute q with e and r with d as given in the question. 


a 


‘* V /d 




m 


eV 

md 


CAPACITORS AND CAPACITANCE 

Capacitors are devices for storing electric charges. The capacitance (C) of a capacitor is 
defined as the ratio of charge ((?) stored by the capacitor to the potential difference (V) 
between the plates. 

‘-i 


Capacitance is measured in fanids(F). 

1 microfarads = 1 pF = 10~ 6 F or 1 x 10 6 F 
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I nanofarads = 1 nF = 10 “ 9 For 1 x 10' 9 F 
I picofarads = 1 pF = 10 _12 F or 1 x 10“ 12 F 

Capacitance (C) of parallel plate capacitor is a^so given by, 



Where A - area of overlap of plates (m 2 ) 

d = distance between plates (m) __j _ 2 

£ = pennittivity of material between plates Fm 1 or C N m 


A parallel plate capacitor of capacitance 600pF has a potential difference of 20001/ 
between its plate. Calculate the charge on either plate of the capacitor. 

Solution 

Capacitance C = 600 pF = 600 x 10“ 6 F 

Potential difference V = 2000P 

From C = 2 . Q = CV = 600 x lO' 6 x 2000 = 1.2 C 


Examplel8 

A parallel plate capacitor of area 10cm 2 in vacuum has a capacitance of 10“ 2 /iF. what is 
the distance between the plates? [e 0 = 9 x 10“ 12 Fm _1 ] 

A. 9 x 10 _13 m B. 9xl0" 7 m C. 9 x 10“ 3 m D. 9 x 10 7 m JAMB 1993 40 

Solution 

Area A = 10cm 2 = 10 x 10" 4 m 2 permittivity e 0 = 9 x 10 -12 Fm _1 

Capacitance C = 10 ~ 2 pF = 10" 2 x 10" 6 F 


From C = , 

d 


distance, d = — — = 


9 x 10“ 12 x 10 x 10“ 
10" 2 x 10“ 6 


- = 9 x 10 ~ 7 m 


SERIES AND PARALLEL ARRANGEMENT OF CAPACITORS 

Parallel Connection 

When capacitors are arranged in parallel as shown below, the following apply 


Qu i£i 



1 1 

Q->\ lA 



1 r 

On i A 


1 1 

1 1 


Fig. 2.3 

1. TTic equivalent or combined capacitance C, is given by: C = C 1 + C 2 + C 2 

2. C it C 2 and C 3 arc all at the same potential difference V 

3. Total circuit charge, Q - Q x + Q 2 + Qi where = C l V, Q z = c 2 V, Q 2 = c 3 V 
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Example 19 

What is the equivalent capacitance of a 3 uF capacitor and a 6 [iF capacitor connected in 
parallel? WAEC 2006 41 

Solution 

Equivalent capacitance C T = C t + C 2 = 3pF + 6 \lF = 9/iF 
Example 20 



Fig. 2.4 207 

The diagram above shows two capacitors E and Q of capacitances SfiF and 10 fiF. Find 
the charges stored in P and Q respectively. A. 200 fiC and 100 fiC 
B. 100/if? and 200/iC C. and 2fiC D. 2\iC and 4/iC JAMB 2000 3 ° 
Solution 

From C = ~ , charge Q~ CV 

Q P = C P 7 = 5iiF x 20 = 5 x 10" 6 x 20 = 100 x 10' 6 C = 100 /iC 
Qq = C Q V = 10^F x 20 = 10 x 10“ 6 x 20 = 200 x 10‘ 6 C = 200/iC 


Series Connection 

When capacitors are arranged in series as shown below, the following apply 





V 


Fig. 2.5 

1. The equivalent or combined capacitance (C) is, 



Equivalent capacitance for two capacitors C 2 and C 2 is, 

2. Capacitors C x , C 2 and C 2 all have the same charge Q. 

3. Total circuit voltage, V = + V 2 4- V 3 where V l = V x 



Example 21 

Three capacitors each of capacitances 1 BpF are connected in series. Calculate the 
effective capacitance of the capacitors. WAEC 2002 36 
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Solution 



Example 23 

Two capacitance of 6 fiF and QfiF are connected in series. What additional capacitance 
must be connected in series with this combination to give a total of 3fiF? 

A. 3 fiF B. 16/iF C. 24/iF D. 30^F JAMB 1987 40 

Solution 

Let C T —total capacitance = 3 fiF, x = additional capacitance 

1111 
— =T+”+ _ 

Cj* 6 8 x 

1111 
3 6 8 _ x 


352 



8-4 — 3 _ 1 
24 ~ x 


J__ 1 

24 “x 


x = 24 fiF 


Combined Series And Parallel Connection 
Example 24 



4 uf 


Fig. 2.8 

The resultant capacitance in the figure above is A. l5.0fiF B. 9.8 fiF C. 1.3/iF 
D °* 8 ^ JAMB 1995 43 

Solution 

Capacitor 2[iF 1 3 fuF and 4 fiF are in series with one another and also in series with a 
parallel combination of capacitors 2 fiF and 4 fiF. 

Ill 1 1 

C~2 + 3 + (2 + 4) + 4 
11111 

C ~2 + 3 + 6 + 4 

1 6 + 44-2 + 3 15 

C ~ 12 “ 12 


1 15 12 

C 12 C ~ 15 


0.8/iF 


Example 25 

What is the total capacitance in the circuit represented by the diagram below? 

.2 uh 


—iT 


1 

\2uF 


1 



H I- 

2 nF 

Fig. 2.9 
Solution 

In parallel: 2/if + 2/if + 2/if = 6/if. 6/if .n senes with 2/if 

6x2 12 

. r = — =1.5 /iF 

C 64-2 8 


NECO 2000 46 
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Example 26 

The effective capacitance between points X and V 


in the diagram 


below is 1.50 fiF 



Y 


NECO 2002 


Fig. 2.10 

What is the value of the capacitance Cl 
Solution 

In parallel: C + C + C = 3C. Then 3C in series with 2 ftF 

2x3 C f>C 


A I 


Total capacitance, 1.50 = 


2 + 3C 2 + 3C 


Cross multiply 1.50 = - — — to obtain 
2 + 3C 

6C = 1.5(2 + 3C) 

6C = 3 + 4.5C 

6C — 4.5C = 3 

3 

1.5C = 3 •• C = — =2fiF 


Example 27 




.40///* 


Fig. 2.11 


— I I 

100 fiF 


CD 


60 uF 


Calculate the current in the circuit diagram above. NECO 2007 EB 

Solution 

Combined parallel capacitance = 40 + 60 = 100//F 
100 fiF in series with 100//F 

^ f J „ 100 x 100 10000 

Total combined capacitance C = — — — — - = = 50 uF 

100 + 100 200 H 

From C = ^ , charge, Q = CV = 50 x 10" 6 x 24 = 1.2 x 10' 3 C 


Current l - ~ 


1.2 x 10“ 3 il 
t 


Example 28 


4 uF 


Fig. 2.12 
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What is the resultant capacity circuit above? 

A 15 nF B. 18.0 nF C. 6 .OfiF D. 6.8 nF E. 8.83/zF IAMB 1982 26 

Solution 

1/iF and 5/iF are in parallel, therefore combined capacitance = 1 + 5 = 6 pF 
6fiF is in series with 4 pF and 4/iF 

1 11 1 4 + 6 + 6 16 

"C~ 6 + 4 + 4 = 24 "24 


1 _ 16 
C “ 24 


C 


24 3 
16 "2 


1.5 pF 


Example 29 

In th«. network shown below, determine the p. d across the 5 pF capacitor. 

A - 3V B. 6V C.12V D. 18 JAMB 1993 41 


Fio. 2 ! 3 


5 pF 15 pF 



Solution 

c „ , . _ „ 5x15 75 

5 pF and i spF are series C = = — = 3.75 

5 + 15 20 

Charge following through senes capacilors is: 

Q = CV = 3.75 x 24 = 90 pC 

The same charge (90 pC) flow through 5 pF 


potential difference across 5 pF, 


V 


Q 

C 


90 pC 
5 pF 


= 18V 


ENERGY STORED IN A CAPACITOR 

Energy stored in a capacitor is equivalent to the work done in charging the capacitor 

1 11 q 2 

Energy store in capacitor W - - qV = - CV = - • — 

Any of these equations can be used depending on the term giving in the question. 


Example j0 

Calculate the energy stored in a 20pF capacitor if the potential difference between the 
plates is 40K . WAEC 2004 4 * 

Solution 

Capacitance C = 20 pF =20x10 b F ; potential difference V = 401/ 
t'ncrgy W = ^ CV 2 = ^ x 20 x 10' 6 x 40 2 = 1.6 x 10 ' 2 / 
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Example 31 . . 

The energy stored in a capacitor of capacitance 5 /jF is 40/ What is the voltage app ito 
across ils terminal? NECO 2002” 

Solution 

capacitance C = 5 pF = 5 x 10" 6 F energy, W = 40/ 

w = \cv 2 

2 

40 = 0.5 x 5 x lO" 6 x V 2 


V 2 = 


40 

0.5 x 5 x 10 -6 


= 1.6 x 10 7 


V = Vl.6x 10 7 = 4 x 10 2 V 

Example 32 

Use the diagram shown below to answer the following question. 


Fig. 2.14 


6 uF 6 uF 6 uF 

— IHHHnl — 

100F 


1. What is the effective capacitance in the circuit? 

2. What is the total energy stored by the capacitors? 
Solution 

(1). Effective capacitance — = — + — + — 

f Cj C2 (.3 


I- 1 I I 

C~ 6 + 6 + 6 

11 + 1+1 
C~ 6 
11 
C ~ 2 


3 1 

6 " 2 

C = 2/iF 


(ii) C = 2ftF potential difference, V = 1001/ 

Total energy W=jCV 2 =-x 2 x 10“ 6 x 100 2 = 0.01 or 1 x 10" 2 / 


Example 33 



P| |2 pF 



~ o' ^ 4/if 

' ! 



Fig. 2.15 


The diagram above shows two capacitors P and Q of capacitances 2/rF and 
respectively connected to a d.c source. The ratio of energy stored in P to Q is 
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'r. 1 


n. l: i 


. 1:4 


u. a: l 


Solution 

iv p = i c,r- 

Wp ^CpV 2 Cp 2yF 1 

W Q~ 1 CqV ,2 _ C^“ VF“2 


W Q =^C (J l/ 2 

W P :lVg=l:2 


Example 34 


Fig. 2.16 



I wo capacitors C T and C 2 are connected as shown in the diagram above. The capacitance 
ot C 2 is twice C 1 . When the key is opened, the energy stored up in Cj is W". If The key is 
la -t closed and the system is allowed to attain electrical equilibrium, the total energy 
stored in ‘he system will be A. • W B. - W C.W D. 2 W E. 3 W 

WAEC 1991 43 


Solution 


Ci 



Fig 2.17 v 

C 2 ~ 2(.\ capacitance ofC 2 is ns ice C v ) 

V. hen the key is opened, capacitor 2 C x is cut off. 

Energy in C x is IV - 


When the key is closed boih capacitors are involved. 

. o.:u capacitance = 2t\ 4 C\ - 3^ 

Energy stored at equilibrium = j x 3C t F 2 

arranging, we obtain, 3^-CjT 2 ^ 

Sub si mm i IV = -C X V 2 . energy stored at equilibrium = 3 IV 


Example 35 

I he plates of a parallel plate capacitor arc 5 mm apart and 2m'-’ in area l he plates are in 
vacuum. A potential difference ot 1000E is applied across die capacitor calculate the 

til t apacuarce 

C har.ee on each plate 

r i lcctnc intensity in the space between them 

i net gv stored in the capacitor. 
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(permittivity of free space e 0 — 8.85 x 10' l2 C 2 N l m 2 ) NECO 20 

Solution 

Distance apart, d = 5 mm = 0.005m; area, A = 2m 2 ] ^ 2 

potential difference, V = lOOOP'; e q = 8.85 x 10~ l2 C 2 N l m 


(0 Capacitance, C = -3- 
a 


8.85 x 10' 12 x 2 
0005 


1.77 x 10*^ _ 3 54 x ip-9f 
0.005 


00 Charge Q = CV = 3.54 x 10" 9 x 1000 = 3.54 x 10' 6 C 


. .x _ 1 . . V 1000 

(ill) Electric intensity E = - = — — = 2 x lO^m" 1 
a 0.005 

(iv) Energy stored W = ~CV 2 = | x 3.54 x 10" 9 x 1000 2 = 1.77 X 10' V 


Example 36 

An isolated electrically charged sphere of radius, r, and charge , Q , is supported on an 
insulator in air of permittivity, e 0 . 
a Write down 

(i) An expression for the electric field intensity on the surface of the sphere. 

(ii) An expression for the electric potential at the surface of the sphere . 

(iii) A relationship between the electric field intensity and the electric potential 
at the surface of the sphere. 

b. The plates of a parallel plate capacitor, 5.0x 10“ 3 m apart are maintained at a 
potential difference of 5.0 x 10 4 K. Calculate the magnitude of the 
( 1 ) Electric field intensity between the plate 
(ii) Force on the electron 

( 111 ) Acceleration of the electron 

[Electric charge = 1.60 x 10 _19 C] 

[Mass of electron = 9.1 x 10 ~ 31 kg] WAEC 2005* 14 

Solution 

a. (i) Electric field intensity, E = — 

Ane 0 r z 

Q 

(ii) Electric potential, V = 

47 rs 0 r 

(iii) E 

b. Distance between plate, r = 5.0 x 10~ 3 m; potential difference, V = 5.0 x 100 4 K; 

electron charge, q = 1.6 x 10 -19 C; mass of electron, m = 9.1 x 10 ~ 31 kg 

V 5.0 x 10 4 

(i) Electric field intensity E = — = 5 x 1Q _ 3 = 1 x lO’l'm 1 

(ii) Force on electric F = qE = 1.6 x 10' 19 x 1 x 10 7 = 1.6 x 10' 12 /V 


(iii) From F = ma, acceleration of electron, 


F _ 1.6 x 10~ 12 
m 9.1 x 10 -31 


1.76 x 10 18 ms~ 2 


Example 37 

The capacitance of a parallel plate capacitor when in air is 3 qF and in the presence of a 
dielectric material 6 fiF. The dielectric constant is 

A. 3 B. 18 C. 2 D. 9 JAMB 2006 32 
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Solution 

Dielectric constant = dielectri c of medium = ^ = 2 

dielectric of air 3 pf 


exercise 2 

• - The force of repulsion between two point positive charges Sfif and B/iC i 
at a distance of 0.02m apart is A. 1.8 x 10 -,o W B. 9.0 x 10"®« 

C. 9.0 x 10 2 N d. 4.5 x UPN f— = 9 x 10*Wm l C' 2 l 

UfCo 9 

JAMB 1998 36 Ans: 9 JO x 10* N 

A charge of 1.0 x 10 _s coulombs experiences a force of 40N at a otrtai i^iBl ■ 
space. What is the electric field ntea aty? WAEC 1990 42 Ans: 4 x l&NC' 1 

3. A point change of 1 j 0 X 10 -7 C experiences a force af 0.01AF in i uniform ctcctnc 
field. Calculate the magnitude of the strength of the field. 

WAEC 1993 3 * Ansrl x XO s Vm l (NC' 1 ) 

4. A charge of 1.0 x 10- 5 C experiences a force of 40N at a certain point m space. 
What is the magnitude of the electric field intensity at the point in Newton per coulomb? 

WAEC 1997 3 ® Ans:4.0 x 10 6 

5. charge of 1.6 x 10 _,0 C is in a uniform electric field of intensity 

2.0 x 10 NC l . Calculate the magnitude of die electric force exerted on the charge. 

WAEC 2004 43 Ans: 3.2 x 10' s Af 

6- A charge of 2.0 x 10 -S C experiences a force of 80 N in a uniform electric field. 
Calculate the m a gn itude of the electric field intensity 

NECO 2006 43 Ans:4 x 10 *NC~ l 

7. If the force on a charge of 0.2 coulomb in an electric field is 4 N t then the electric 
field intensity of the field is A. 0.8 B. 0.8 N/C C. 2Q.0N/C D. 4.2 N/C E.20.0 C/N 

JAMB 1983 47 Ans:20.0Af/C 

8. The dcctnc field intensity in a place where a charge of 10 -,0 C experiences a 

force of 0.4AT is A. 8.0 x lO" 12 ^' 1 B. 8.0 x 10 9 tfC -1 

C. 4.0 x 10’AfC' 1 D. 4.0 x 10 -“AfC" 1 JAMB 2005 z3 Ans:4.0 x 10 9 NC X 

9. A point charge of magnitude 2 41C is moved through a distance of 0.2m against 
uniform field of intensity 25 I'm -1 . Calculate the work done on the charge. 

WAEC 1999 40 Ans:l x 10“ 5 / 

10. If 8 x 10' z y of work is required to move 100/iC of charge from a point X to a 

point Y in an electrical circuit, the p. d between X and Y is A. 4.0 x 10 2 Y 

B. 4.0 x 10 4 Y C. 8.0 x lO 2 *' D. 8.0 x 10 4 F JAMB 1997 42 Ans:8.0 x 10 2 V 

11. Find the work done in moving a 1C charge between two points X and Y in an 
electric field if the p.dis 100 volts A. 50V B. 100/ C. 200/ D. 400/ 

JAMB 1998 41 Ans:200/ 

12. The potential difference between two points A and B situated at a distance d apart 
is V. Which of the following expresses the magnitude of the electric field intensity 
between the two points assuming the field is uniform. A. Vd B. dV~ l C.Vd~ l 

D. V 2 d E. d 2 V WAEC 1993 39 AnsiFd” 1 

13. What is the magnitude of the electric field intensity between two plates 30cm 
apart, if the potential difference between the plate is 4.2F? 

NECO 2002 40 Ans: 14.0Vm -1 

14. An electron of charge 1-6 x 10' 19 C is accelerated between two mfctal plates. If 
the kinetic energy of the electron is 4.8 x 10 -l7 /» the potential difference between the 
plates is A. 30Y B. 40F C. 300F D. 400F JAMB 20 03 33 Ans. 300F 

15 A SV batter y is connected across the plates of a 2.0 fiF uncharged parallel plate 
canacitor The charge on the capacitor after a long time is 

A. 2.5 \iC B. 10.0 \iC C. 20. OfiC D. 50.0 \iC JAMB 1992 39 Ans: 10.0 pC 


359 



Mi. A parallel plate c ap a ci tor has a comm on plate area of 5 x 10"*** 2 ^ ML 

MpiutMw of 2 x 10 3 m. Assunang fine space, what a Ac pae exantx' 7 

A. iL25 x UT l7 F B 450 x 1 (T 17 F C 225 x 1(T**F D 4-50 x 1CT F 

fc, * 9.0 x 10~ t2 C 2 N~ 1 m~ z ] 7AJffl 1998 42 Ans:Z25 x KT 14 F 

17. Two 50pf paaDcl pfaa ryrion at conn ectod ■ scries. The a^acd 

c^aoior is then connected across a I00F battery. The charge oo each pKe of the 

c^aoteB A. 5.00 x 10 S C R Z50 x 10 -3 C C. US x 10 *C 

D. TOO x 10- 2 C JAMB 1904 44 Ak 2-5 x 1(T 3 C 

|R i> •* \3 htL- Vutf ay i; t*_-n :.vj 


V *17 / 0 t5 

*'? i'vor. i’Uix * i| 
jVd 

aney.im 

flfr 2.18 


■IH 

2ff . W 

U ^n»*‘ £ <=- 3 ',r r* jrx:. 

vi x ; rjr 

2 V. > 0. 0 i*> ■. ' 1 - : . 


the figure abovt shau Area capacitors’ 2pF, 3pF aad 6pF < 
dftfcrehec mob the ay store s 127, hi ] 


6K 


ettr 


eapuahwVX. r #' - 

R 0; V u A : ,tA - •> »•! 

yj^nxini !'I L : = :f -po r ; r> c. 

» r 4 -rn ~«r t,o c-*rij/. 

> ‘ 01 x L t £:;; 


V 


D rr JAMB200S 1 * Ans: 2 r 



C I £.0 / 


l - 'j.ro: x i - 

srJf n^Ki a* 

'/\ '0.05.. : T>/ r . .*■ 

Ik. 2.19 

What is the total capacitance in the represented by the diagram? A_ C x +^tC 3 

o ± + i + ± r c w<v 

c, c* c, 


f.O* * 

\> r.-'!'/:.' i. I*. •• • 


.-ic ^ 


HC.^3 


21 . 


WAEC 1994 “ Ak C, + C 2 +C 3 
Two capacitors of capacitance 0.4pF and 0.5 fiF are connectod m parallel and 
1 to a potential difference Of 50 IA Determine die total charge acquired. 

WAEC 2005 34 Ans: 45 pC 

■-{ !>nr. / ryj A ** — it.*/, tt * : - 


/ ; : *w* <; :■ mo 

V Oi > j\ 


c)i 

i fit 


\C: c ::a'. *- a Wi 4 



0: x C 


:r 


\ 00 f o 

\£C: .rA ^RW-SI 

... L3 - ■> >t . r • i—i-ifu 1 , 

:r ;j to J t \r~ o . 

The effective capaciumce lxh\ n points *X and Y in the diagram is I.O^jlF. What is the 
>ahie of the capacitance C. mca ired in microfarad? WAEC 1995 45 Ans: 1.0 uF 

ft-j* . : • i • n . ’ • ^ 


i; !f.l: n 


f-r. 

jjJij 


Fig. 2.21 

[ . *n> 




I 3uF 


Tho'nr ’-.KJ J>'.I 

zn A a W5: 

••m.lfil - r lo ‘ l*T ' 


4 pF 


*4 (Mil 


-r 


d\ ^ 
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Usmg the diagram above. uGulMh. cnraitinr of Ac chant. 

VttCClW" ftns:l-S6 

23. The dia^am below ™j m A of a circa*. OMb te tfluiw 

capacitance m Ibe ooctioii. 



^ 18#<f ®-V C.ZpF JD.12^r J E. 13fiF 



In the circuit shown above, c a lc u lat e the effective capacitance between X and Y 

B c. 12^F D.4^j/«F E.13/iF JAMB 198* 3S Ans:2— fif 

XT. a. Derive a fonmili for Ihe eneigy W stored in a changed cacacitnr of capacitance 

C carrying a charge Q on either plate. 

b. Two parallel plate capacdore of capacitance 2/tF and 3/tF are connected in parallel and 
the combination is connected to a SOY d.c source. 

Draw the circuit diagram of the arrangement and detcnnme the 

(i) Charge on either plate of each capacitor 

(ii) Potential difference across each capacitor 

(lii) Combined energy of the capacitors 

WAEC 1996“ AnsiilT =£ b.(i)l x lO^C. 15 x 10 4 C (ii) SOI' 

(iii) 625 x 10" 3 / 

2ft. A aeries arrangement of three capacitors of values 8 pF, \2pF and 24 jiF is 
connected ia series with a 9Q¥ battery. 

(i) Draw an open circuit diagram for this arrangement, 

(i) rjlfihte the effective c ap a c it a nce in thecmaiit, 

(ii) On closed circuit, calculate the charge on each capacitor when fully charged. 

Ml 




(iii) Determine the potential difference across the 8 fiF capacitor 

WAEC 2001 £14 Ans: (ii)4/iF (iii)360/iC (iv)45K 
29. Three capacitors L, M, and N with capacitances C|, C 2 . and C 3 respectively are to 
be combined. If C 3 > C 2 > C t . which of the following arrangements will give maximum 
capacitance? 



N M L 


Fig. 2.23 NECO 2007 42 Ans:B 

30 . 



Three 2/iF capacitors are arranged as shown in the above circuit. The effective 
capacitance between E and F is 

A. 0.75 fiF B. 1.33 \iF C 3.00 »F D. 6.00 pF JAMB 1989 39 Ans: 1.33pF 



r j Ofic l£«i h f. -v • MV 

,,F b.OfiF ( ■ - ■'..OW An;-.: *• 


.1 uF 






33. Given 3 capacitors 0.3/iF, 0.5 /j F and 0.2/iF, the joint capacitance when arrange 
to give minimum capacitance is A. 0.3 //F B. 1.0 /jF C. 0.1/jF D. 0.5 ptF 

JAMB 2 0 0 4 50 Ans: 0.1 /iF 

34. Calculate the energy stored in a 10 /iF capacitor if the potential difference 

between the plates is 20V. WAEC 1989 41 Ans: 2 x 10~ 3 y 

35. Calculate the energy stored in a 20 fiF capacitor if the potential difference between 

the plates is 401/. WAEC 1992 49 Ans: 1.6 X 10 ~ 2 / 

36. The energy stored in a capacitor of capacitor 5 mF is 40y. Calculate the voltage 

applied across its terminals? WAEC 1995 44 Ans: 4000F 

37. 


Fig. 2.30 


I | 10/iF 



UV 


A capacitor of 10/iF is connected across a cell of 12 volts as shown above. Calculate the 
energy stored in the capacitor. A. 7.5 x 10" 4 y B. 1.4 x 10 _3 y 

C. 1.4 x 10' 4 / D. 1.2 x 10" 2 / JAMB 1992 41 Ans: 7.2 x 10' 4 y 

38. A capacitor 8/i/\ is charged to a potential difference of 1 00V/. The energy stored 

by the capacitor is A. 1.0 x 10 4 y B. 8.0 x 10y C. 1.25 x 10y 

D. 4.0 x 10" 2 y JAMB 1994 43 Ans: 4.0 x 10' 2 / 

39. 


2 uF 

-U i _ 



3 fiF 


Fig. 2.31 
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In the circuit above, the potential across each capacitor is 1 OOP'. The total energy 
the two capacitor is A. 3.0 x 10 4 / B. 3.0 x 10 2 ] C. 2.5 x 10 J 
10 - 2 ] JAMB 1999 38 Ans: 2.5 x 10 Z J 

40 . The energy stored in a capacitor of capacitance lOfiC carrying a charge of 100 

is A. 4 x 10~ 3 / B. 5xl0‘V c. 5x10 4 / D. 4 x 10 2 J 

JAMB 2002 30 Ans: 5x10 ~ J 
Use the information below to answer question 41 and 42. 

An isolated metal sphere of radius of radius R, carrying an electric charge, Q. is situate 
in a medium of permittivity, E r . A test charge is placed at a point P , distance r from the 
surface of the sphere. Let e 0 represent the permittivity of free space. 

41. The electric potential at P is given by the expression 

A ^ d 9 r Q n 9 


’ 4Ttf 0 £ r (/?-r) 


4 n£ 0 £ r r *4TT £ 0 £ r (/?+r) ' 4TI£ 0 £ r (K-r) 4TT£ 0 f r /? 

WAEC 2009 36 Ans: B 

42. The magnitude of the electric field intensity at P is given by the expression 

A , Q p Q c Q p Q 

4TTf 0 £ r r 2 4Tt£ 0 £ r (/?+r) 2 ‘ 47I£ 0 £ r (/?-r) 2 4 JlE Q £ r R 2 

WAEC 2009 37 Ans: B 

43. The electric potential at a distance d from a point charge q in air of permittivity £ 0 
is expressed as 


NECO 2009 40 Ans: D 


44. Calculate the work done in 
potential difference of 1000V. 


charging a capacitor of capacitance 20/iF through a 
NECO 2009 41 Ans: 10.00J 
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3 


CURRENT ELECTRICITY 


RESISTIVITY AND CONDUCTIVITY 

Resistivity of a material is defined as the resistance per unit length per unit cross sectiona 
area of the material. 

RA Rnr 2 w __ R 71 ^ 2 

Resistivity p = — or p = — - — or P - ^ 

Where p = resistivity in flm 
R = resistance in H 

<4 = cross sectional area = nr 2 — in (m) 
l = length of wire in m 
d = diameter of wire in m 2 
r = radius of wire in m 2 



Electrical Conductivity is the reciprocal of resistivity. It is measured in (flm) 1 

f r 1 ™* 1 

Electrical conductivity a = - = — = = — — — 

p RA R x /rr 2 R x ?rd 2 


Always make sure you do your calculation in uniform unit of measurement. Do not mix 
up m 2 and cm 2 or m and mm. 

Preferably, express all measurements in S.I unit. 

Note: 1mm = 0.001m or 1 x 10 _3 m > 

lcm = 0.01m or 1 x 10 -2 m 
1mm 2 = 0^000001 or 1 x 10" 6 m 2 
lcm 2 = O.OOtfl or 1 x 10" 4 m 2 


Example 1 

Calculate the resistivity of a wire of length 2m and cross sectional area 0.004cm 2 if its 
resistance is 3.0 ohm. WAEC 1988 51 

Solution 

Length / — 2m = 200cm; cross sectional area A = 0.004cm 2 ; 
resistance R = 3.0C1 

RA 3 x 0.004 0.012 

Resistivity, p = — = - — = = 0.00006Hcm = 6.0 x 10 5 Qcm 

Resistivity in Hem can be converted to fim by dividing by 100 (100cm = lm) 

000006 

0.0000006 = 6.0 x 10~ 7 nm 

100 


Example 2 

A constantan wire has a cross sectional area of 4 x 10" 8 m 2 and a resistivity of 1.1 x 
10 -6 f2m. If a resistor of resistance 11H is to be made from this wire, calculate the length 
of the wire required. WAEC 2005 39 

Solution 

A = 4 x 10" 8 m 2 ; / = 1.1 X 10' 6 flm ; R = 111) 

RA RA Ilx4xl0“ 8 

From p = — , length. I = — = jj - ~ 6 = 0.4m 
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Example 3 

A wire of length 100cm and cross sectional area 2.0 x 10 
0.1 Ofl. Calculate its electrical conductiv ity. 


Vm 2 has a resistance of 

NliCO 20023'™ 


Solution 

Length / = 100cm; cross sectional area = 2.0 x 10” 3 cm 2 ; 


Electrical conductivity o — — — — 

p RA 


100 = 5.0 x 10 5 ir 'em 1 

0.1 x 2.0 x 10- ;t 


Example 4 

A 2m wire of resistivity 5.5 x 10“ 7 nm has a cross sectional area of 0.50mm C alcu ate 
its resistance. NECO 2004 

Solution 

/ = 2m ; resistivity, p = 5.5 x 10 _7 n;7i ; 

Cross sectional area, A = 0.5mm 2 = 0.5 x 10~ 6 7n (1mm 2 = 1 x 10~ 6 m) 


r RA 

From p = — , 


pi 

resistance R = — 
A 


5.5 x 10" 7 x 2 
0.5 x 10 6 


1.1 x 10~ 6 
0.5 x 10“* 


2.2fl 


Example 5 

A wire of length 15m made of a material of resistiv ity 1.8 x 10 _6 nm has a resistance of 
0.2 7H. Determine the area of the wire. A. 1.5 x 10~ 4 77i 2 B. 1.0 x 10~ 4 m 2 
C. 2.7 x 10 -5 ?n 2 D.7.3 x lO " 6 ??! 2 JAMB 1992 36 

Solution 

l = 15m ; p = 1.8 x 10~ 6 n??i ; R = 0.27H 

„ RA pi 1.8 x 10“ 6 x 15 2.7 x 10 -5 

From p = — f area, A = — = = 

l R 0.27 0.27 

= 1.0 x 10" 4 m 2 


Example 6 

A wire of 5H resistance is drawn out so that its new length is two times the original 
length. If the resistivity of the wire remains the same and the cross sectional area is 


halved, the new resistance is A. 40fl B. 20H 

C. ion D. 5H JAMB 2003 32 

Solution 



Original wire 

New wire 

Resistance 

R i = 5H 

R 2 =? 

Length 

h = / 

l 2 — 2l{two times the original length) 

Resistance 

pi = p 

p 2 = p(same resistivity) 

Area 

II 

A 2 = “ (w«i /.v halved) 

Resistivities 

R1A1 

Pl= 7, 

r 2 a 2 

Pi =— — 
l 2 

Equate p x and p 2 because they are equal 



M. 

r 2 a 2 


lx 

1 2 


Cross multiplying, R 2 A 2 li = R\A x l 2 
R l A ] l 2 

Therefore, R 2 = — — — 

A 2 t\ 
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Substituting, R 7 = — * - * Z< _ 5 x 2 x A x 2/ _ 5 x 2 x 2 = 20H 

Jx/ Axl 

GALVANOMETER CONVERSION: SHUNT AND MULTIPLIER 


I. Conversion of Galvanometer to Ammeter. A galvanometer, also known as moving coil 
meter, can be converted to an ammeter by connecting a low resistance shunt in parallel 
with the galvanometer as shown below. 


Galvanometer 


l -In 


Fig 3.1 


<Z> 


R 


Shunt 

/ = Ammeter reading of the converted galvanometer 

Ig — Current flowing through galvanometer at full scale deflection 

R = Shunt resistance 

r = Galvanometer resistance 

Remember, potential difference (p.d) = current x resistance 
Current flowing through shunt = / — l g 
Current through galvanometer = l g 

Potential difference across shunt = shunt current x shunt resistance 

= ('-',)* 

Potential difference across galvanometer = galvanometer current x galvanometer 
resistance 

= lg*r 

Because r and R are in parallel, they have same potential difference 
p. d across shunt = p. d across galvanometer 


(/ - l g )R = l g *r 


Shunt resistance, 


R — . 


/ fl xr 


Example 8 

A galvanometer of resistance 5.0fl has full scale defection for a current of lOOmA^How 
would its range be extended to 1.0A? By placing a resistance of A. ^fl in parallel B. 
in series C. 4SH in parallel D. 4511 in series E.^H in parallel JAMB 1984 49 

Solution 

Galvanometer resistance, r = S.OH Shunt resistance R =? 

Galvanometer current, l g = 100mA = 0.1A Ammeter reading / = 1.0A 

I n x r 0.1 x 5 _ 05 
0.9 


R = 


- jL 


/-/ fl 1.0— 0.1 


5 

9 


5 

Ans: A resistance of -ft in parallel 
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Example 7 /’resistance 2fl to an 

The diagram below illustrates the conversion ol a galvanomck r < ■ Pfllrulate 

ammeter. The galvanometer gives a 
the value of R. 


conversion oi a n - Calculate 

full scale deflection for a current of 10mA. 

WAEC 1996 45 


Fig 3.2 
Solution 



/ - /„ = 9.99,4 


Fig 3J 


— @-i 


r =2H 


Galvanometer current /p = 10mA = 0.01/1 Ammeter reading / = 10A 

Galvanometer resistance r = 2H Shunt resistance /? =? 


/? = 


!-L 


0.01 x 2 
10-0.01 


0.02 

9^99 


= 2.0 x io _3 n 


Example 9 

A galvanometer has a resistance of 5 fl. By using a shunt wire of resistance 0.05H. the 
galvanometer could be converted to an ammeter capable of reading 2/1 . What is the 
current through the galvanometer? A. 2mA B 10mA C. 20mA 
D. 25mA JAMB 1999 41 

Solution 



Galvanometer resistance, r = 5H Shunt resistance R = 0.05fl 

Galvanometer current, l g =? Ammeter reading, / = 2 


Substitute into 


R = 


/^xr 

I -la 


to obtain 


Cross multiplying, 0.05(2 — l g ) = 5 I g 
0.1 - 0.05 l g = 5 l g 

0.1 = 5.05/^ 


0.05 


(9 x £ 

2 - 1.0 
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I = — = 1 ‘JR x l()- 2 /l => 2.0 x 10' 2 /1 = 20mA 
■" 5.05 

IR 

Next time remember that galvanometer current, l n - r + 


//. Conversion of galvanometer to voltmeter. A galvanometer can be converted to a 
voltmeter by connecting a high resistance multiplier in scries with the galvanometer as 
shown below. 


Fig 3.5 



l g — Current through galvanometer at full scale defection 

R = Resistance of multiplier 

r = Galvanometer resistance 

Vi = Potential difference across multiplier 

V 2 = Potential difference across galvanometer 

V = Voltmeter reading of the converted galvanometer (Total p.d across circui'; 


Potential difference across multiplier, V x = l g x R 
Potential difference across galvanometer V 2 = I g x r 
Voltmeter reading = p.d across multiplier + p.d across galvanometer 
V = V X + V 2 

V = I g R + l g r 
V=l g (R + r) 

Rearranging, I g (R + r) = V 


R + r = — 


Multiplier resistance R = r 

In 


Example 10 

A moving coil meter with an internal resistance of 100H has a full scale deflection when a 
current of 10mA flows through it. What value of resistance would convert it to read lOPat 
full scale deflection? WAEC 1995 55 

Solution 


10 mA K 


Fig 3.6 
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Galvanometer resistance r = 100H ; 

Current at full scale deflection I g = 10mA = 0.01/1 


voltmeter reading, V - 1°^ 


Multiplier resistance 


r = 1 - r = -iL - 100 = 1000 - 100 = 900n 


0.01 


Example li cc jofl 

The maximum permissible current through a galvanometer G of interna resis ^ 

is 0.05/1. A resistance R is used to convert G into a voltmeter with a maximum rea 
1 00 V. Find the value of R and how it is connected to G. 

A. 20,000 ohms in parallel B. 19,900 ohms in senes o44 

C. 1990 ohms in series D. 100 ohms series. /AM 

Solution 

r = 10fi ; Ig = 0.05A ; V = 100V 


Multiplier resistance R = - — r 

' 9 

100 


R = — 10 = 2000 - 10 = 1990H in series 

0.05 


POTENTIOMETER. WHEATSTONE BRIDGE. METER BRIDGE 

L Potentiometer A potentiometer is used to measure resistances of wire and e. m.f of 
cells as shown below. 


Fig 3.6 



For the potentiometer above. 


Where E t - e.m. f of cell A 
E 2 = e.m.f of cell B 
/j = Balance point of cell A 
l 2 = Balance point of cell B 


Et = li 
E 2 l 2 


Example 12 

The balance length of a potentiometer wire for a cell of e. m.f \.63V is 85cm. If the cell 
is replaced by another one of e.m.f 1 .071/, calculate the new balance length. 

NECO 2007 44 

Solution 

Et = 1.63F, l x = 85cm; E 2 = 1.07^, l 2 =? 
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Hot , i potentiometer L± - l± 
h: 2 i 2 

t.<>3 PS 


1.07 x 85 


Yoj - Y7 Ncw billiincc length l 2 = — 


= 55.80cm 


II. II heatstone Bridge. The Wheatstone bridge shown below is used to accurately 
measure resistance. , 


Fig 3.7 



At balance point. B and 
D are at the same 
potential, therefore the 
potential difference 
between B and D is zero 
For resistances R lt R 2 , 
R 3 , and /? 4 connected 
as shown above, 

R 2 r 4 


E 


Example 13 

P 


Fig 3.8 

E = 2.0V 

In the diagram above, the galvanometer indicates a null defection. Calculate 

(i) The value of R 

(ii) The potential difference between P and Q NECO 2005 43 

Solution 



Fig 3.9 
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(i) From the digram, 


becomes 



Example 15 

In a meter bridge experiment, there is a zero defection of the galvanometer when l x = 
40cm as shown in the diagram below. Calculate the value of the resistance R. 

WAEC 1989 45 


Fig 3.11 
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Solution 

(liven: /, = 4<km /, = 100 - /, = 100 - 40 = 60cm 


From the diagram, 


R 2 

ion 

~7T 

Therefore, 


h 
' h 

40 cm 


becomes 


60 cm 


R 


ion x 60cm ion x 60 


40cm 


40 


= 15H 


Example 16 

In a meter bridge experiment, two resistors 2fl and 3(1 occupy the left and right gaps 
respectively. Find the balance point from the left side of the bridge. ^ 

A. 20cm B. 40cm C. 60cm D. 80cm JAMB 1997 

Solution 


Fig 3.12 


2 n 3 n 



Balance point from left side of bridge. 


From the diagram, 


li . 

— = — becomes 
R 2 t 2 

2 = 

3 100-/! 


Cross multiply, 2 X (100 — l x ) = 3 

200 - 2l x = 3 l x 

200 = 3/ a + 2/j 

200 = 5 l t 

> , 200 
, = — - 40cm 

: " ’’’ ' iii, ih • . '.{ ' 

EXERCISE 3 

1. Calculate the length pf a constant wire of cross sectional area 4rr x 10" 8 m 2 and 
resistivity 1.1 x 10 ~ 6 Q.m required to construct a standard resistor of resistance 2in. 

[Take n as j) WAEC 1992 44 Ans: 2.4m 

2. A given wire of resistance 10(1 has a length of 5m and a cross sectional area of 
4.0 x 10“ 3 m 2 . Calculate the conductivity of the wire. 

WAEC 1995 S0 Ans: 1.2S x lO^m -1 

3. A wire, 1.0m long and with cross sectional area 2.0 x 10~ 7 m 2 has a resistance of 
0. 1 (1. Calculate the electrical conductivity of the wire. 

WAEC 2008 38 Ans:5.0 x 
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, , o o X 10 - 3 cm 2 has a resistance 

4. A wire of length 100cm and cross sectional are 

of 0.1 Oft. Calculate its electrical conductivity. \Q- b Ci~ x cTYi ~ l 

WAEC 1996 46 Ans: 2.0 x 1U m 2 is 4.9 x 

5. The resistivity of a given wire of cross sections are 
10 _4 ftmm. Calculate the resistance of a 2m length of th * *' r * QC)4 p*3 Ans: 1.4ft 

^ 5 0^ 10 _7 m 2 

6. A resistance wire of length 2m and of uniform cross sectjon^ ^ ^ ^ \0' 7 {lm 

has a resistance of 2.2ft. Calculate its resistivity. WAEC 19 resistivity of 

7. A piece of resistance wire of diameter 0.2mm and resistance 711 has 

, . f 22\ 

8.8 x 10 7 ftm, calculate the length of the wire i n — 7 ) . 

WAEC 2002"" A«: 25 - 

8. A 0.6ft-resistor is made from a wire of length 4m and resistivity • 5 ^ 2 

What is the cross-sectional area of the wire? NECO 2008 4 Ans. . 

9. A piece of resistance wire of diameter 0.2m and resistance as 

8.8 x 10~ 7 ftm, Calculate the length of the wire. 5 

WAEC 2003™ 3 Ans: 2.5 x 10 5 m 

10. The resistance of a piece of wire of length 20m and cross sectional area 

10" 6 m 2 is A. 1.0ft B. 10.0ft C. 0.5ft B. 5.0ft [resistivity of the wire - 
10 -7 ftm] ]AMB 2005 18 Ans: 1.0ft _ 6 2 

11. The resistance of a 5m uniform wire of cross sectional area 0.2 X 10 m is 
0.425ft. What is the resistivity of the material of the wire? 

A. 1.10 x 10‘ 6 ftm B. 4.25 x 10“ 6 ftm C. 2.40 x 10' 7 ftm D. 1.70 x 10" ftm 

JAMB 19 8 9 35 Ans: 1.70 X 10 8 ftm 

12. A conductor has a diameter of 1.00m and length 2.00m. If the resistance of the 
material is 0.1ft, its resistivity is A. 2.55 X 10 2 ftm B. 2.55 x 10 5 ftm 

C. 3.93 x 10" 8 ftm D. 3.93 x 10" 6 ftm JAMB 2007 35 Ans: 3.93 x 10" 8 ftm 

13. A milliammeter with full scale defection of 10mA has an internal resistance of 
5ft. It would be converted to an ammeter with a full scale deflection of 1 A by connectin a 
reisstance of 


A. ^ ohm in series with it B. ^ ohm * n parallel with it 
C. — ohm in parallel with it D. ^ °hm in series with it 


E. 2 ohm in series with it 

JAMB 1983 20 Ans: B 
14. An ammeter of resistance 0. 1 ft has a full scale deflection of 50mA . Determine the 
resultant full scale deflection of the meter when a shunt of 0.01 1 1ft is connected across 
its terminals. A. 400mA B. 450mA C. 500mA D. 550mA 

JAMB 1989 43 Ans: 500mA 

A 0-1 0mA galvanometer with a coil resistance of 30ft can be converted to a 0- 


15. 

1 0A ammeter by using 
C. 9.99ft shunt resistor 

16. 


A. 0.03ft series resistor B. 0.03ft shunt resistor 
D. 9.99ft series resistor JAMB 1990 45 Ans B 

A moving coil galvanometer of 300ft resistance gives full scale deflection for 
1.0mA. The resistance, R, of the shunt that is required to convert the galvanometer intn „ 
3. 0A ammeter is A. 899.70ft B. 10.00ft C. 0.10ft D. 0.01ft 

JAMB 1991 37 Ans: 0.10ft 

17. An ammeter of resistance 5ft has a full scale deflection when a current of 50mA 
flows in it. The value of the resistor required to adapt to measure a current of 54 * 

C. 0.05ft D. 0.25ft 


A. 19.80ft B. 5.00ft 


JAMB 2 0 06 39 Ans- 0 05ft 

18. A galvanometer with a full scale deflection of 1.5 x 10 _3 /1 has a 

of50fl. Determine the resistance required to convert it into a voltmeter reLf' 515131106 

15V ■ WAEC 2001 48 Ans 9501 “ 8 UP 

19. A milliameter of resistance Sfl and full scale deflection of 50mA is to be 
measure a potential difference of SOI'. What should be the resistance of rh. m ..w r ^ 

A. 9Sfl B. llOfl C. 595A D. 995ft E. 1005ft mult.pl, er? 
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JAMB 1980 2 ® Ans: 995ft 


20. The galvanometer C in the diagram below has a resistance of 5ft and gives 
scale deflection for a current of 10mA 


2 A 


Fig 3.13 



If the galvanometer is to be used as an ammeter reading up to 2 A, which of the following 

equations is correct? A. 2 R = 20 B. 1.99 x R - 0.01 X 5 

C. 2 x R = 0.01 x 5 D. 1.99 x 2 R = 0.01 x 5 E. 1.99 x 2 R = R- 0.01 

NECO 2000 5 ° Ans: B 

21. The value of the series resistance required to convert the galvanometer below into 
a voltmeter with a full range deflection of 15 V is 


Fig 3.14 


0.015/1 

T ®- { 

! 

* 15V 


A. 985 ohms B. 990 ohms C. 995 ohms D. 1,000 ohms E. 1,005 ohms 

JAMB 1982 30 Ans: 995ft 

22. A galvanometer of internal resistance 5011 has a full scale deflection for a current 
of 5mA. What is the resistance required to convert it to a voltmeter with full scale 
deflection of 10 V? A. 1750ft B. 1950ft C. 2000ft D. 2500ft 

JAMB 1997 41 Ans: 1950ft 

23. A potentiometer wire carrying a steady current is lm long with a standard cell of 
e.TTLf 1.1 V suitably connected, a balanced length of 44.0cm was obtained. What is the 
e. ttl f of a cell which gives a balance length of 68.0cm? 

NECO 2000 48 Ans: 1.7V 

24. Calculate the value of R when G shows no deflection in the circuit illustrated 
below. 


Fig 3.15 



WAEC 1988 44 Ans: 36CI 

25. When a known standard resistor of 2.0ft is connected to the 0.0cm end of a wire 

bridge, the balance point is found to be at 55.0cm. What is the value of the unlmnwr? 
resistor? A. 1.10ft B. 1.64ft C. 2.44ft D. 27.50ft 

JAMB 1990 i8 Ans: 164ft 
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26. In the diagram below, the galvanometer 
potential difference between X and Y7 


<ndica.es a null deflection. 



Fig 3.16 A . 

Y WAEC 1989 42 Ans: 0 

27. What is the value of R when G shows no deflection in the circuit illustrated 


Fig 3.17 
28. 



WAEC 199 0 40 Ans: 20H 


i I 


I 

Fig 3.17 



NECO 2003 48 
Ans: 18H 


Calculate the resistance R required to balance the bridge m the circuit above 


29. 


I ij> 3 . 1 8 



1 . 


! he diagram ah<» . e sh«iw.s a meter bridge 11 which tw< of du* arill . L . un! |1M 
•iid 2' A h iIhihy nomi i> obtu: < at <> )< m ( i : >n. ilu ' t . K- 1 j . 

/.I <> H.l.'ML ( X Of) IV.VOO An > (1 , 


7C 



. 10 . 



Fig 3.18 '• 

. , , ' 1 ' 

A tno " abov< ‘ XY !E °f length im. The value of R ui balance point 7. is 
31 a B 13 ; 3n C. 15.0ft D. 30.011 JAMB 1994 42 Ans: 30.0ft 
7 50 x i n'- 4 C of / esistivit y 4-4 x 10- 5 ncm has a cross-scctional area of 

. " cm Calculate the length of this wire that will he required to make a 4.0ft 

,0r WAIsC 2000* Ans: 68. 1 8cm 
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ELECTROLYSIS, MAGNETIC AND 
ELECTROMAGNETIC FIELDS 


ELECTROLYSIS , d 

Electrolysis is defined as the chemical change (decomposition of compoun s) in a tf qu 
due to the flow of current. 

Faraday’s first law of electrolysis states that the mass (Af) of a substance librated 1 or 
deposited during electrolysis is directly proportional to the quantity of e ectncity (. ) 
passing through the electrolyte. 

That is, M oc Q 
Or M - ZQ 

Remember, quantity of electricity Q — It 
Therefore, M = Zlt 

Where / = current in amperes (/l) 

Z = Electrochemical equivalent kgC~ l or gC~ l 

Also, the mass of the substance deposited during electrolysis depend on the 
density (p) of the substance, the surface area (4) of the cathode and the thickness (d) of 
the substance deposited on the cathode. 


mass 

volume 


Mass = density x area x thickness 

M = p x A x d 
M = Zlt 


p x A x d = Zlt 


Faraday’s second law of electrolysis states that when the same current passes through 
different electrolytes for the same time, the masses of the elements deposited or librated 
are proportional to their chemical equivalent 

Mass of elment A Chemical equivalent of A 
Mass of elment B Chemical equivalent of B 

Electrochemical equivalent ( e . c. e) of a substance is defined as the mass of the 
substance deposited during electrolysis by one coulomb of electricity. (One ampere of 
current flowing for one second). Copper has an ( e . c.e) of 0.00033 gC' 1 because when a 
current of 1/4 flows through a copper solution for lsec, it deposits 0.00033# of copper. 

_ M _ M _ pAd 


Example 1 

Copper of mass 0.33# is liberated by passing 100 coulombs of electric charge through a 
copper voltameter. Calculate the mass of copper deposited when a current of 2A is passed 
through the voltameter for 5minutes NECO 2007 E7 
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Solution 

e.c.e.Z = 033#/1000C = 3.30 x 10 ~*g/C 
Current / = 2A ; time = Smtn = S x 60 = 3005 ; 

Mass deposit^ M = Zlt = 3.30 x 10~ 4 x 2 x 300 = 0.1 98# 

Example 2 

A charge of one coulomb liberate 0.0033# of copper in an electrolytic process. How long 
will it take a current of 2 A to liberate 1.98# of copper in such a process? 

A. 5 minutes B. 30minutes C. SOminutes D. 60minutes E. 120 minutes 

JAMB 1985 35 

Solution 

e.c.e, Z = 0.0Q33gC~ 1 ; current / = 2/1 ; mass liberated M = 1.98# 

From M = Zlt, time t = — = ^ = 3005 = 5 min 

Z\ 0.0033 x 2 


Example 3 

In an electrolysis experiment, a cathode of, mass 5 g is found to weigh 5.01 a after a 
current of 5/1 flows for 50 second. What is the electrochemical equivaler »f the 
deposited substance? A. 0.00004^/C B. 0.00002^/C C. 0.02500^/6 
D. 0.05000,g/C E. 0.00001 g/C JAMB 1979 30 

Solution 

Mass deposited M — 5.01 g — Sg = O.Olg; current 7 = 5/1; time t = 50s 

M 

From M = Zlt , electrochemical equivalent Z = — 

0.01 

Z — — = 0.0004 g/C or 4x10 s gC 1 

Zj X all 


Example 4 

Copper of thickness d is plated on. the cathode of a copper voltameter. If the total surface 
area of the cathode is 60cm 2 and a steady current of 5.0/1 is maintained in the voltmeter 
for 1 hour, calculate the value of d. [density of copper = 8.9 x lQ*kgm~ 3 ] 
[electrochemical equivalent of copper = 3.3 x 10 ~ 7 kgC~ l ] WAEC 2007 ES 

Solution 

Area, A - 60cm 2 = 60 x 10" 4 m 2 ; current, / = 5 A ; 

Time, t = lhour = 3600s ; e. c. e, Z = 3.3 x 10 7 kgC~ l 

Density p = 8.9 x 10 3 kgm~ 3 ; thickness d =? 

From p x A x d = Zlt 
Zlt 

Thickness d - - - — 
p x A 

3.3 x 10" 7 x 5 x 3600 _ 5.94 x 10' 3 
d ~ 8.9 x 10 3 x 60 x 10- 4 “ 514 =1-11x10 

= 1.11 cm 


Example 5 

When a current of 1.0/1 flows in an electrolyte for 3.0 h, a mass of 1.0# is deposited. 
What mass will be deposited in 10.0/t if a current of 3.0 A flows through the electrolyte? 

NECO 2002 46 
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Solution 

Firstly: 1 = 1.0/1 ; t = 3 hours = 10800s ; M = 10 5 
Secondly: t = 10 hours = 36000s, 1 ~ 3 0,4 


Firstly: z = Tt=T^ is5o 


= 9.26 x 1 0~ s gC~ 


Secondly: M = Zlt = 9.26 x 10" s x 36000 x 3 = I0g 


Example 6 t chows a 

During the electrolysis of copper (ii) tetraoxosulphate (vi) solution, an amm 
steady current reading of 1 .0/1 for 30 minutes while 6.6 x 10 4 kg of copper is 1 
Calculate the error in the ammeter reading. (The electrochemical equivalent o C °VV 
is 3.30 X U)~ 7 kgC~ l ) WAEC 1997 

Solution 

Ammeter reading = 1.0/1 ; time, t = 30 min = 30 x 60 = 1800s ; 
mass M = 6.6 x 10“ 4 ^ ; Z = 3.30 x 10~ 7 kgC' 1 


From M = Zlt , 


M 6.6 x 10~ 4 

current used I = - = 3>30 x 10 -, x 18 oo 


1.11A 


Ammeter error = current used - ammeter reading =1.11 — 1.0 — 0.11 1A 


Example 7 

What is the mass of hydrogen liberated in an acidulated water voltameter if a current of 
6A flows through the voltmeter in 1 hour? 

[electrochemical equivalent of silver = 0.0011 18gC _1 ] 

[equivalent weight of silver = 108] 

Solution 

Current / = 6A ; time t = 1 hour = 3600s 
Quantity of electricity used Q = It = 6 x 3600 = 21600C 
1 C of electricity releases 0.001 118(j of Ag 
21600C of electricity will release x of Ag 
x = 21600 x 0.001118 = 24.15 g of Ag 

Mass of Ag _ Chemical equivalent of A g 
Mass of H 2 Chemical equivalent of H 2 
24.15 _ 108 

mass of H 2 1 
24.15 

Mass of H 2 = = 0.2240 


EXERCISE 4A 

1. A current of 2 A is passed through a copper voltameter for 5minutes. If the 

electrochemical equivalent of copper is 3.27 x 10 ~ 7 kgC~ l , determine the mass of the 
copper deposited. WAEC 2001 f3 Ans: 0.19620 or 1.96 x 1O“ 4 &0 

2. During the electrolysis of copper (ii) tetraoxosulphate (vi) solution, a steady 
current of 4.0 x 1 0 2 A flowing for one hour liberated 0.480 of copper. Calculate the mass 
of copper liberated by one coulomb of charge. 

WAEC 2000 f9 Ans: 3.33 x 1O~ 7 0 

3. Tn copper plating, a current of 0.5 A is allowed for a cathode area of 100cm 2 If 
this current is maintained constant for 100 minutes, the thickness of the copper deposited 
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- 0 000 yg/C. density of 


D.10' s mm 

10' s mm 


will he approximately [the electrochemical equivalent of copper 
copper = 10\q/on 3 ] A. 10- 2 m>n B. 10 _1 mni C 10 nun 
E. 10 ‘‘mm JAMB 1982" Ans: 

4. The electrochemical equivalent of silver is 0.0012 g/C If 36.0# of minutes. the 
deposited by electrolysis on a surface by passing a steady current or 

current must be A. 60004 B. 1004 C.lOA D. \A 

JAMB 1989 44 Ans: 100A 

5. The electrochemical equivalent of platinum is 5.0 x 10 kgC ^ aI . #* or 

10 kg of platinum, a current of 100/1 must be passed through an appropriate \esse 

A 5.6 hours B 56 hours C. 1.4 x 10 4 hours D. 2.0 x 10 4 hours 

JAMB 1991 44 Ans: 5.6 hours 

6. The electrochemical equivalent of a metal is 1.3 x 10 kgC . The mass ol 
metal which 2.0 x 10 4 C of electricity will deposit from a suitable electrolyte is 

A 6.5x10 ~ 2 kg B 2.6x10 ' 2 kg C. 6.5 x 10‘ 3 £p D. 2.6 x10 kg 

JAMB 1998 47 Ans: 2.6 x 10 kg 

7. A current of 0.5/1 flowing for 3hours deposits 2 g of a metal during electrolysis. 

The quantity of the same metal that would be deposited by a current of 1.5/1 flowing in 
lhouris A. 10 g B. 18p C. 2p D. 6 g JAMB 2 0 0 2 40 Ans: 2g 

8. 2.1g of silver is deposited when a current of 0.5/1 is passed through a >oltameter 

for 60 minutes. Calculate the mass of silver that will be deposited when a curre~t ot 1 0A 
is passed through it for 15 minutes. NECO 2008 F14 A r l-05g 

9. In the calibration of an ammeter using faraday’s law of electrolysis, the ammeter 
reading is kept constant at 1.20A. If 0.990p of copper is deposited in 40 minutes, the 
correction to be applied to the ammeter is A. 0.03/1 B. 0.04/1 C. 0.05 D. 
0.06 A [e. c. e of copper = 3.3 x lO^pC" 1 ] JAMB 2003 39 Ans: 0.05A 

10. During electrolysis, 2. Op of a metal is deposited using a current o'. U.M in 3 

hours. The mass of the same metal which can be deposited using a current of 1.5/1 in 1 
hour is A. 3. Op B.2.0p C. 0.5p D. l.Op JAMB 2 0 06 49 Ans: 2. Op 

11. A cathode of mass 5 p weighs 5.0 lp after a current of 5 A had been passed through 
the voltameter for 50 seconds. The electrochemical equivalent of the metal is 

NECO 2 0 0 7 43 Ans: 4.0 X I0 s g/C 

12. 118.8cm 2 surface of the copper cathode of a voltameter is to be coated with 
10 _6 m thick copper of density 9 x 10 3 fcpl0~ 3 . How long will the process run with 10A 
constant current? A. 15.0 min B. 5.4 min C. 20.0 min D. 10.8 min 

[e.c.e of copper = 3.3 x 10 7 kgC~ l ] JAMB 2007 41 Ans: 32.4s or 0.54 min 

13. In an electrolysis experiment, the ammeter records a steady current of \A. The 
mass of copper deposited in 30 minutes is 0 66p. Calculate the error in the ammeter 
reading. [Electrochemical equivalent of copper = 0.00033pC _1 ] 

WAEC 2008 F2 Ans: 0.1 IA 


14. A steady current of 1 .2A is passed through a copper voltameter for 30s. 

Calculated the mass of the copper deposited. [Electrochemical equivalent of copper 
3.3 X 10 -*gC-'] NECO 2009 45 Ans: 1.19 x 10 _2 s 

15. An electric charge of 9.6 x 10 4 C liberates 1 mole of a substance containing 
6.0 x 10 23 atoms. Determine the value of the electronic charge. 

WAEC 2009“ Ans: 1.60 x 10 _,, C 
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MAGNETIC FIELD 

« u ~ force is exerted on any 

Magnetic field is a region surrounding a magnet within ‘ ^ y in a magnetic 

other magnetic substance. When a charge q moves with a J 

field B , the magnetic force F is given by 

F = qVB Sin # 

Where F = magnetic force in Newton (N) 

V = Velocity in m/s 

B = Magnetic field in Tesla ( T ) or Wcber/m 2 
# = Angle between V and B 

Note: 1. If V and B are in the same direction or parallel to each other, 6 — 0 or 180 • 
Therefore, F = 0 

2. If V and B arc perpendicular or at right angle to each other then # — 90, 
Therefore, F is maximum. 

The force F on a conductor of length / carrying a current / in a magnetic field B is given 
by; 

F = Bll Sin# 

F is zero when B and / arc parallel to each other. F is maximum when B and / are 
perpendicular. 

Example 1 

A particle of charge 5 C moves perpendicularly lo a magnetic field of magnitude 0.017'. II 
the velocity of the charge is 1.5ms" 1 , calculate the magnitude of I he force exerted on the 
particle. WAEC 1993 41 

Solution 

Charge q = SC ; magnetic field B = 0.017 6 = 90 (perpendicularly) 

Velocity V — 1.5ms -1 ; magnetic force F —1 

F = qVBs\n <9 = 5 x 1.5 x 0.01 x sin90 0.075 N 


Example 2 

A proton moving with a speed of 1.0 x 10 G ms -1 through a magnetic field of 1 0 T 


velocity and the field is A. 45 

n. 30 C. 60 

n. oo“ 

(proton charge = 1.6 x 10 -l9 C) 


IAMB 2005 6 

Solution 



V = 1.0 x 10 6 ms -1 ; B = 1.0 T; 

F = 0.0 x 1U” M A/, 

(/ = 1.6 x 10 


F = qVBsinO 

F 8.0 x 10 -14 

S1P(9 ~ ~qVB ~ 1.6 x 10" 19 x 1.0 x 10 6 X 1 

sin# = 0.5 ••• # = sin~' 1 0.5 = 30" 


8.0 x 10" 14 
1.6 x 10^ 


Example 3 

An electron enters a magnetic field of flux density 1.5T with a speed of 2.0 x 10 7 ms 1 
at an angle of 30° to the field. Calculate ihc magnitude of the force on ih ■ 
electron. [Electron charge, e = 1.6 x 10 l9 C] NFCO 2006 Eti 
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Solution 

Flux density (magnetic field), B = 1.5 T; V = 2.0 x 10'ms 

0 = 30; q = I - 6 x 10 19c 

Magnetic force F = ql/gsmO = 1.6 x 10‘ 19 x 2.0 x 10 5 6 7 8 x 1.5 x sin30 N 
= 2.40 x 10' 12 


Example 4 

A conductor of length 2m carries a current of 0.8/4 while kept in a magnetic field of 
magnetic flux density 0.5 T. The maximum force acting on it is ^ 

A. 8.0 N B. 3.2 N C. 0.8 N D. 0.2 N JAMB 2000 

Solution 

Length / = 2m ; current / = 0.84 ; magnetic flux density B = 0.57\ 

Magnetic force F = Bll = 0.5 x 0.8 x 2 = 0.QN 


EXERCISE 4B 

1. A particle of charge q and mass m moving with a velocity V enters a uniform 

magnetic field of strength B in the direction of the field. The force on the particle is 
A.qVB B.mqVB C.qVb/m D.mVB/q E. 0 WAEC 199 4 44 Ans: 0 

2. A charge of 1.6 x 10" 19 C enters a magnetic field of flux density 2.07 with a 
velocity of 2.5 x 10 7 ms _1 at an angle of 30° with the field. Calculate the magnitude of 
the force exerted on the charge by the field. WAEC 2003 £14 Ans: 4 X 10 -12 /V 

3. If a charged ion goes through combined electric and magnetic fields, the resultant 

emergent velocity of the ion is A. B. EB C. B /g D. E-B 

JAMB 2000 32 Ans: A 

4. The diagram below shows a closed square box of side 0.5m in a uniform electric 
field E in the direction shown by the arrows. What is the flux (p for the box 

A. 0.5 E B. 2.0 E C. 0.2£ D. 0.0£ JAMB 2001 30 Ans: A 



5. The force on a charge moving with velocity V in a magnetic field B is half of the 
maximum force when (he angle between V and B is A. 90 B. 45 C. 30 DO 

JAMB 2003 43 Ans: 45° 

6. Two long parallel wires X and Y carry current 34 and 54 respectively. If the force 
experienced per unit length by X is 5 x 10 ~ S N, the force per unit length experienced by 
Y is A. 5x10 ' 5 N B. 5x10 ~ 4 N C.3xIO~ 6 N D. 3 x 10 ~ S N 

JAMB 2007 38 * Ans: D 

7. A particle of charge q and mass m moving with a velocity V enters a uniform 
magnetic field B in the direction of the field. The force on the particle is 

A. BqV 13. BqV/m C. BqVm D. mVB/q E. mV/Bq NECO 2000 45 Ans: 0 

8. Calculate the magnitude of the force due to a magnetic field of 0.40T on an 
electron moving perpendicular to the field with a speed of 4.00 x 10 6 ms _1 . 

[e = 1.60 x 10 _19 C] NECO 2OO5 40 Ans: 2.56 x 10“ 13 7V 

9. A charge of 1.6 x 10' 19 C moving with a velocity of 2.5 x 10 7 ms _1 enters a 

magnetic field of flux density 2.0 T at an angle of 30° with the field. Calculate the 

magnitude of the force on the charge. NECO 2008 <3 Ans: 4.0 x lQ-^N 
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10. A band of 500 rectangular loops of wire of area 20cm by - ’ i cu i ate 

of magnetic field which changes from 1 .0T to 0.4T within 5 secon s, 

induced e.m.f. _ A 

D 2.40V JAMB 2009 Ans. D 


A. 5.60V 


B. 24.00V C. 0.24V 


Hint. 


ELECTROMAGNETIC FIELD 

Electromagnetic field is a field arising from the combined interaction of magnetic te i 
and electric field. Electromagnetic induction is the generation of electric current or 
voltage in a conductor as a result of a relative motion between a conductor and a magnetic 
field. 

Induced electromotive force {e.m.f), E, in a straight conductor of length l, 
moving with a velocity V, perpendicular to a field of magnetic induction, B is given by; 

E = BIV 

Also the e. m. f generated by an a. c generator is given by 
E = NABa) 

E — NABco sin# 

Where B = Magnetic field strength ( T or weber/m 2 ) 
l = Length of conductor (m) 

V = Velocity {ms' 1 ) 

N = Number of turns 

A = Area of coil (m 2 ) 

ci) = Angular velocity (rad s -1 ) 

6 = Angle of inclination in degrees 


Example 1 

A circuit has an area of 0.4m 2 and consist of 50 loops of wire. If the loops are twisted 
and allowed to rotate at a constant angular velocity of 10 rad s' 1 in a uniform magnetic 
field of 0.47\ the amplitude of the induced voltage is A. 81/ B. 16V 
C. 20V D. 80V JAMB 2003 41 

Solution 

Number of turns N = 50; area of coil A = 0.4m 2 ; 

Angular velocity co = 10 rad s' 1 ; magnitude of magnetic field B = OAT 
Induced e. m. / or voltage E = NAB(i) 

E = 50 x 0.4 x 10 x 0.4 = 80V 

TRANSFORMERS 

A transformer is a device for changing the voltage of an a.c supply. A step up 
transformer converts low voltage to high voltage. A step down transformer converts high 
voltage to low voltage. 

The induced e.m.f in the secondary coil and in the primary coil of a transformer 
are related to the number of turns in the coil by the equation. 

Secondary e. m. f {E s ) Number of turns in secondary coil {N s ) 

Primary e. m. f {E p ) Number of turn in primary coil {N p ) 



384 



Also, power in secondary coil = power in primary coil. 
That is, P s = P p 

Or / s x E s = / p x E p (from P = HO 


Rearranging, = j~ 


( 2 ) 


From equation (1) and (2) above, we obtain 

N_s_J± 

N P l s 

Where I P — current in primary coil 
/ s = current in secondary coil 

From. efficiency = P° Wer ° UtpUt x 100, 
power input 


we obtain 


_ r „ power in secondary coil 

Transformer efficiency, e= — — - — x 10° 

power in primary coil 


or 


or 


E= — x 100 

Pp 

L x E s 

e= — — -x ioo 


e- 


Ip x Ep 
l s *N s 
/ p x N p 


x 100 


Turns ratio = ~rr 


Np 


If N s /N p >1, it’s a step up transformer 


If N s /N p < 


1 , it’s a step down transformer 


Example 2 

A transformer is required to give 1201^ from a 240K mains supply. If the primary has 
5500 turns, how many turns has the secondary? NECO 2003 51 

Solution 

E s = 1207, E P = 2407, N P = 5500, N s =? 


N n 


N s = ' 


E, x N p 120 x 5500 
~ 240" 


= 2750 


Example 3 

A transformer with 5500 turn in its primary is used between a 2407 a.c supply and a 
1207 kettle. Calculate the number of turns in the secondary. WAEC 1988 42 

Solution 

N p = 5500; E s = 1207; E p = 2407; N s =? 

Es N s 

From, — = T T • 

E„ N n 


A/ c =■ 


E f x N p _ 120 x 5500 


240 


= 2750 


Example 4 

The current in the primary coil of a transformer is 2.5/1. If the coil has 50 turns and the 
secondary 250 turns, calculate the current in the secondary coil. (Neglect energy losses in 

WAEC 1997 49 


the transformer). 
Solution 


/ p = 2.5/1, 


N p = 50, 


N s = 250, l s =? 
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r N s 
Irom — = -L 


current in secondary coil is, /$ — 


50 x 2.5 
250 


= 0.5/1 


Example 5 

A 95% efficient transformer is used to operate a lamp rated 601V, 220V from a 4400V a. c 
supply. Calculate the 

(i) ratio of the number of turns in the primary coil to the number of turns in the 
secondary coil of the transformer. 

(ii) current taken from the mains circuit. WAEC 2007 

Solution 

Efficiency E= 95%, P s = 60 W, E p = 4400, E s = 220V 


(i) = ^ 

' ' N S E, 



4400 

220 


= 20 


(ii) 


P s 

ioo 

Pp 


Ps 

Ip X E p 


x 100 


Main current l p = 


P s x 100 
£*E p 


60 x 100 
95 x 4400 


6000 

418000 


0.01435 A 


l p = 0.014/1 Or 14mA 


Example 6 

A transformer supplies \2V when connected to a 240V mains. If the transformer takes 
0.120/1 from the mains when used to light a \2V, 24 W lamp, what is its efficiency? 

NECO 2002 50 


Solution 


E s 


121/, E p = 240K, 


Efficiency, E= 


Ps 

Ip * Ep 


Ip = 
x 100 = 


0 . 120/1 

24 

0.120 x 240 


P s = 24 W, 

2400 


x 100 =■ 


28.8 


6=? 

= 83.33% 


Example 7 

A transformer which can produce SV from a 240V a.c supply has an efficiency of 80%. 
If the current in the secondary coil is \5A, calculate the current in the primary coil. A. 
0.625/1 B. 1.600/1 C. 2.500/1 D. 6.250/1 JAMB 1998 46 

Solution 

Efficiency 6- 80%, E s = 8V, E p = 240K, / s = ISA, l p =? 


Is ^ E s 
Ip x Pp 


x 100 


Current in primary coil, l p 


I s x E s x 100 15 x 8 x 100 12000 

Ex E p 240 x 80 ~ 19200 = 0 625/1 


Example 8 

A 4 0KW electric cable is used to transmit electricity through a resistor of resistance 2. Oft 
at 800K. The power loss as internal energy is A. 5.0 x 10 2 W B. 4.0 x 10 3 W C. 
5.0X10 2 W D. 4.0x10 2 W JAMB 2007 42 

Solution 

Power transmitted, P = 40 KW = 40,00014/; resistance R = 2.0ft, 
voltage V — 8001/ 

P 40000 _ 

From, P = lv ■ current 1 = v = ~W “ 50i4 
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Power loss, i 2 R = 50 2 x 2 = 500W = 5.0 x 10 3 W 


EXERCISE 4C 

1- The magnetic flux in a coil having 200 turns changes at the time rate of 0.08 
Wb s l . The induced e.m.f in the coil is A. 1.6V B. 16.0V C. 25.0V D. 250.0V 

JAMB 2000 43 Ans: 16.0V 

2- A transformer with 5500 turns in its primary winding is used between a 240 a. c 
supply and 1 20V kettle. Calculate the number of turns in the secondary winding. 

WAEC 1994 51 Ans: 2750 

3. A house is supplied with a 240 a. c mains. To operate a door bell rated at 8 V, a 
transformer is used. If the number of turns in the primary coil of the transformer is 900 
calculate the number of turns in the secondary coil of the transformer. 

WAEC 1991 49 Ans: 30 

4. If a transformer is used to light a lamp rated at 60 W, 220V from a 4400V a. c 
supply, calculate the 

(i) ratio of the number of turns of primary coil to the secondary coil in the 
transformer. 

(ii) current taken from the mains circuit if the efficiency of the transformer is 95% 

WAEC 1992* 3 (020:1 (ri)0.014A 

5. A transformer has 400 turns and 200 turns in the primary and secondary winding 
respectively. If the current in the primary and secondary winding are 3 A and 5 A 
respectively, calculate the efficiency of the transformer. 

WAEC 2002 42 Ans: 83.33% 

6. A voltage and current in the primary of a transformer are 200V and 2 A 
respectively. If the transformer is used to lighten 12 V. 30 W bulbs, calculate its efficiency. 

WAEC 1999 36 Ans: 75% Hint P s = 10 x 30W = 300 W 

7. A transformer is rated 240V. If the primary coil is 4000 turns and the secondary 

voltage is \2V, determine the number of turns in the secondary coil. A. 250 B. 100 
C. 150 D. 200 JAMB 2005 1 Ans: 200 

8. A transformer has 300 turns of wire in the primary coil and 30 turns in the 
secondary coil. If the input voltage is 100 volts, the output voltage is A. 5 volts B. 
10 volts C. 15 volts D. 20 volts E. 25 volts JAMB 1981 47 Ans: 10 volts 

9. A transformer has a primary coil with 500 turns and a secondary coil with 2500 
turns. When the voltage input to the primary coil is \20V, the output is 

A. 6000V B. 600V C. 240V D. 60V E : 24V JAMB 1985 46 Ans: 600V 

10. The primary winding of a transformer has 400 turns and its secondary has 100 

turns. If a source of e. m. / of 12V is applied to the primary, the secondary e. m. f will be 
A. 3V B. 6V C. 24V D. 48V JAMB 199 5 47 Ans: 3V 

11. The primary coil of a transformer has N turns and is connected to a 120V a.c 
power Inc If i he secondary coil has 1,000 turns and a terminal voltage of 1,200 volts, 
what is the value of N1 A 120 B. 100 C. 1000 D. 1200 

JAMB 2001 43 Ans: 100 


12. A voltage of 240V is connected to the primary coil of a transformer. Calculate the 
ratio of the primary turns to the secondary turns if the voltage available at the secondary 
coihs X5V NECO 2005 SO Ans: 1:16 or 0.06 

13 A step down transformer has 300 turns in the primary coil and 30 turns m the 
secondary coil. 11 the input voltage is 100 volts, what is the output voltage? 
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NEC0 2 007 4fl Ans: 101/ 

14. A transformer is required to supply \2Vrms to operate a toy train set fr° m d 

240K rms If the number of turns in the secondary coil is 100, calculate ™ nl 
turns required in the primary coil. WAEC 2008 4 Ans. 2 

15. A step down transformer has a power output of 50W and efficiency o o. t c 

mains supply voltage is 2001/, calculate the primary current of the trans ormcr. 
A. 0.31/1 B.3.20A C. 3.40/1 D. 5.00/1 , 

JAMB 2008 43 /4ns: 0.3 M % Hint:** * 100 

16. A transformer has an efficiency of 92.5%. The ratio of the numbers of turns in the 
primary coil to that in the secondary coil is 1 28:45. If the current passing through e 
secondary coil is 9,0A, calculate the current passing through the primary coil. 

K NECO 20Q9 49 Ans: 3.42A 

17. A transformer with a primary coil of 800 turns and a secondary coil of 50 turns 
has its primary coil connected to a 240V a.c mains. If the current passing through the 
primary coil is 0.5A, calculate the 

(i) potential difference across the secondary ends. 

(ii) current passing through the secondary coil assuming no power losses. 

(iii) Power in the secondary coil if 10% of that in the primary coil is lost. 

NECO 2009 em Ans: (i) 15V (ii) 8.0A (iii) 108W 


i 
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■jrf) WC 

\) ( ) S S * m 

• »to / T 


SIMPLE A.C CIRCUIT 

, <»iiv v4 ( are produced oy 
An alternating current (a. c) changes its Erection penod.^y^- ^ repee ^4,ss 


rlguoiril Jnonuj 'jr! ! 

inaniia 3f)t‘loJnolfi /»Jp^ 


alternating voltages. Alternating currents and alternating voltages 
follows. 

/ — I 0 Su\2nft or / = / 0 SinoJt 

v = v o siia*ft or v = v 0 sinu>t aoiiuloii 

Where / = Instantaneous current (A) uo(|i . - \ no ilBup3 navig stlJ moi l 

l 0 - Peak or maximum current' W 4 ' (2 M mown I 33 iib arfT 

f = Frequency (Hz) ' " " ,r 1 * mJ,b " Up P 
t = Time (s) = 

G)t — 6 = Phase angle of current or voltage £V £ V 


k = Instantaneous voltage ( V ) 
l/ 0 = Peak or maximum voltage (T) 


Min i*nc lolbnrrnoritjb ylqilluM 


sV s . 

PEAK AND ROOT MEAN SQUARE (r.m .*fVALA^5= fT*fr - j' 

The peak value of an a. c is the maximum value of the current rdcfcrdeo 1 Vh arr fi. c cyc^ 

The r.m.s current is defined as the steady or direct current (d. c) which 

same heating effect per second in a given , resistor. f ^ v ^ b3ln5237q:n 2[ ^.ons II 

Root mean square current, T rm y^vr^= *=-0.717*1' z.n\ t 2 £ri tr tiuoiio 6 nili dnonu^ 

v2 


Peak current, 1 0 = yfl X l T w s = 1 . 414 / rrn * 
■ u uJ.'jm; ^gBflq 


noilulo? 

t M).21 = >(M . 


Similarly, Root mean square voltage. P r m5 = — = 0.71V o or 

lu nn >l£9q , — = xjn nior 1 

Peak voltage V Q = V2 x P rms = 1.414l/ rms 

*» i — \ .tnarruo 2uoonBJn£t?.n. 

Example 1 f ' “ ‘ ~ 

1 he cuiTent. / in an a. c circuit is given by the equation: / = 30sin lOOnt where t is the 
tune m seconds. Deduce the following from this equation. ^ slqnifi/4 

(i) Frequency of the currenit ; 1 (V^V Peak value of the nB nl 

(ni) r. m; 5 value of Ihe current ■ »»• c\;t 

Solution 

J he equation / = 30Sin lOOn* can be compared with 
/ = I 0 s\n27ift 


(i) iQQnt • In ft 
100-2 f 

100 

f - - ^^2 

mi Peak current i 0 = 30/1 
(in; r. m s current, Ir.m.s ~ 

Multiply the denominator and nuinerato; by \ 2 
/2 >: V 30V2 T0v/2 


V2 


30 

75 


nnoicilnb IfiWhdfiTj ii&J&ifeinBtpm 

noitulo8 

.M 081 = ^ 3 gB)IoV 
f)l*JV*3 clo fit * °0df 21 sby A 

r -i 111 } elgfTL 

M 


•mormg'T n»o 


j: 


i . ' \ i 1 1' 


.? 1 . 


* x v 2 


■4 
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Example 2 ^ 

Calculate the peak voltage of a mains supply of r. m. s value 220V . NECO 2000 

Solution 

Kjnj = 220V 

Peak voltage, V 0 = 1.414 X V T ms = 1.414 x 220 = 311V 


Example 3 

The current through a resistor in an a. c circuit is given as 2sin (i)t. Determine the d.c 
equivalent of the current. A. -i=A B.2V2A C. 2 A D.\/2A 

JAMB 2001 40 

Sohrtion 

From the given equation / = 2sinoit, peak current l 0 = 2A 

The direct current (d. c) equivalent of a. c is the root mean square current I r , m j 


U__2_ 

V2~V2 


Multiply denominator and numerator by V2 

. 2 V2 2V2 2V2 _ 

‘r ju = " 7 = X -- = — — = — - = V2 A 

V2 V2 V4 2 


Example 4 

If an a. c is represented by / = / 0 sin&>t. Calculate the instantaneous value of such a 
current, if in a circuit it has r. m. s value of 1 5.0 A when its phase angle is 30°. 

WAEC 1989 E3 


Sohrtion 

Ir^s = 15.0 A, 


phase angle 0 )t = 30 


From l rrrLS = ~ , peak current / 0 = V2 x / rmJ = ^2 x 15 = 21.21 
v2 

instan t an eous current, / = 

= 21.21 xsin30 = 21.21 X 0.5 = 10.61A 


Example 5 

fa an clc circuit the peak value of the potential difference is 180K. What is the 
mstantaneous potential difference when it has reach ^th of a cycle? WAEC 1989 S1 

Sohrtion 

Pteak voltage K, = 180^, instantaneous potential difference, V =? 

A cycle is 360° £ th of a cycle = “ x 360 = 45° 

fpase angle (ot — 45° 

V = V 0 smo)t 

V = 180 x Sin45 

y[2 y/2 

From trigonometry, sin45 — — ••• V — 180 x — — 90^2^ 


Example 6 

The instantan eous value of the induced e. m.f as a function of time ia e = £ 0 8tn<ut where 
r is the peak value of the e.m.f. The instantaneous value of the e.m.f, one quarter of 
Ac period is A. ^ B.* 0 CO D.^ IAMB 2007” 



Solution 

f = f 0 sin6ir 

€ = f o sin0 


^ — <*>t, substitute to obtain 


One period = 360°; , I x 360 = 90« 

Substitute 0 = 90° into equation 
f = e o s.n90 = fo x 1 = fo Ans; B 

reactance and impedance 

the * S 415 ,hc opposition offered to the passage of an a. r by either 

reactance R ° F Ca P at,!or or Reactance due to an inductor is cabled imdmctnre 

Tmo7 duc to , js ^ capaeitiyf ^ 

containing T ance >s the overall opposition offered to the passage of an a. C mixed circuit 

lm "~T" 8 3 n f S ' S '° r “V <>"«-• or both of an .nductor and a capac.tor Reactance and 
impedance are both measured in ohms (fl). 

Also, reactance = am P litu<ie of voltage across inductor or capacitor 
amplitude of current through inductor or capacitor 

A.C Circuit Containing Only Resistor 


Fig S.1 



K-.m s> f 


Ohm s la* (V = 1R) can be apphed to the a. c circu.t w.th only resistance 
Substitute V = V Q smcjt and / = /.sm&ir 


V V 1/ 

Resistance, R = - = 

I loSinwt A> 

Substitute V Q = ^2 x V r m ^ and l 0 = j 2 x / r r 

V 

"r.ms 


„ . „ i; i/2xf r 

Resistance ,R = — = 

f n V2 x l r 


lr. 


Example 7 

A voltage supply of 12K r ^ and frequency 90 Hz is connected to a 40 resistor Calcui 

the peak value of the current. NECO 2004 SO 

Solution 


V rms = 12V. 

Vm 


resistance R = 40 


From R 


lr m s 


Vm 


12 

= t = 3>. 


Peak current, f 0 = y/2 x ! rms = ^2x3 = 4.2*4 
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Example 8 

Calculate the amount of heat generated in an external load of resistance 80 if an c ° 

peak value 5 A is passed through it for 100s. NECO 2003 

Solution 

Resistance R — 80, time t = 100s, peak current I Q ~ 5 A 


l 


r.m.s 


jo 

Vf 


5 

-= = 3.54/1 

V 2 


Heat energy H = l 2 Rt = 3. 54 2 x 8 x 100 = 10025.28 = 1.0 x 10 4 J 


A. c circuit containing only inductor. 


Fig 5.2 




-nrnnrr 

L 


“VPV 


L = inductor V rms f 

From ohm’s law (V - 1 R), voltage across inductor is V L = I x X L 
V V 

Inductive reactance X L = -p = r — = u>L = 2 nfL 

‘o ’r.tns 

From V L = / x X L and X L = 2 nfL, inductance L of an inductor is given by: 

, V L f V L 
L = T—r. or L = — 

2nfl col 


Example 9 


Fig 5.3 


o 


-rrinnnru 

L = 0.9 H 


If the frequency of the e.m.f source in the a. c circuit illustrated above is — Hz. What is 

the reactance of the inductor? WAEC 199 1 41 

Solution 

Frequency / = -jp Hz , inductance L = 0.9H 

Inductive reactance X L = 2nfL 

2n x 500 x 0.9 

= = 2 x 500 x 0.90 = 900H 

71 

Example 10 

Calculate the inductance L, of the coil in the circuit diagram shown below 

L 


Fig 5.4 



A ) 2.021 


WAEC 2002 44 
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Solution 

Current, / = 2.0/1, 


too 

voluigc, l' = 240V. frequency, f ~ n 


Inductance, 


J - 240 

2nfl 2nx i00 x 2 400 


Example 11 

A 220V, 60 Hz a.c supply is connected to an inductor of 3.5 H. What is the 
passing through the inductor? ( n = — ) NECO 2001 

Solution 

From V = IX L , current through inductor, / = ~~ 


V 220 _ 220 

2nfL ~ 3 x 3.142 x 60 x 3.5 = 1319.62 


0.167A 


Example 12 

At what frequency would a 10 H inductor have a reactance of 2000f2? 

B ^ Hz C V f/z D. lOOnHz JAMB 1999 39 

Solution 

Frequency f =? inductance L = 10 H, inductive reactance,^ = 2000H 


From X L - 2nfL, 


frequency f = 


ZnL 


2000 100 
^ ~ 2n x 10 _ n HZ 


Example 13 

Calculate the energy stored in an inductor of inductance 0.2 H through which a current of 

5.0A flows. NECO 2006 49 

Solution 

Current, / = 5.0 A; inductance, L — 0.2 H 

1 , 0.2 x 5.0 2 _ 

Energy, E = -LI 2 = 2.5/ 

A. C Circuit Containing Only Capacitor 



From ohm’s law (V = 1 R), voltage across capacitor, C,isV c = I x X c 

_ Vr.m.s _ J_ _ 1 

Capacitive reactance X c - ^ ^ 2nfc 

I rom V c = / x X c and X c = ~ capacitance, C, of a capacitor is given by: 
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I „ / 

^ - 2nfV c OT C 0 >K 


Example 14 

If the frequency of the a.c circuit illustrate below is Hz. What would be the reactance 
in the circuit? 


Fig 5.6 
Solution 


l2uF 


H [ 


luF 




WAEC 1992 


52 


Frequency f = ^ Hz ; effective capacitance. C = 2jiF + 3/iF - 5//F — 5x10 F 


Capacitive reactance X c = 


2 *fc 2jrx 522xsxio-* 0005 

71 


= 20on 


Example 15 

At what frequency would a capacitor of 2.5 iiF used m a radio circuit have a reactance of 
250fl? A. —Hz B. 20 OnHz C. 2000 nHz D. ^-//z JAMB 2002 50 

7 800 

Solution 

Capacitance C - 2.5/rF = 2.5 x 10~ 6 F, capacitor reactance X c - 2500 
1 _ 1 
X<: “ 2nfC " ^ “ 2nCX c 

, _ 1 1 1 x 10 6 1000000 

' ~ In x 2.5 x 10-‘ x 250 _ x 1250 x 10" 6 ~ rt x 1250 " ji x 1250 

800 

= 

n 

A. C Circuit Containing Only Inductor And Resistor. 



Zu,=J* 2 +X? 
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Current in L — R circuit, l s = • 


V„ 


V« 2 + *7 

The applied voltage V also lead on the current / by an angle 0 given by: 


t a - v ±-'Ik = h 

Tan 0 V„ IR R 


Effective or total circuit voltage, V = y]V% + V? 


Example 16 

For the diagram shown below, 

(i) Calculate the inductive reactance of the circuit. 

0.25 H R 

i finrrm d} 


Fig 5.* 



(ii) If the current in the resistor R is 0.05i4, calculate the potential difference across the 
inductor. WAEC 1995 41 

Solution 

Inductance L = 0.2SH, frequency f = ~Hj » current / = 0.05A 

(i) Inductive reactance X L = 2nfL 

= 2nx x 0.25 = 50ft 

n 

(ii) Potential difference across inductor, V L = IX L = 0.05 x 50 = 2.5^ 


Example 17 

A circuit consist of a 1 0.0H resistor and a 0.8 H inductor connected in series to a 240K, 
60Hz a.c source. 

(i) Draw the circuit diagram of the arrangement 
Calculate its: 

(i) Inductive reactance 

(ii) Inductive reactance 

(iii) Impedance circuit of the circuit 

(iv) Capacitance of a capacitor that must be connected in series with these 
components to obtain maximum current [n = 3.142] NECO 2005 EU 

Solution 

* I. 

I 1 — i (Trim 

io.on 0.8 H 


Fig 5.9 



240F.60 H t 


R = lOfl, L = 0.8H. V r ms = 2A0V. f = 60 H, 
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(ii) Inductive reactance X L — 2nfL = 2tr x 60 x 0.8 - 301.630 

(in) Impedance Z LR = J R 2 + X* = VlO 2 + 301.63" = >/9 1080.66 * 30I.8A 

(v) Maximum current is obtained at resonance when X L = X c 


301 .63 = X r 


301.63 =—— 
2nfC 

Capacitance, C = 


2 x 3.142 x 60 x 301.63 


= 8.8 x !0~ b F or 8.8 fiF 


Example 18 


V, = 8V V„ = 6V 


Fig 5.10 V 

r 

In the series a.c circuit shown above, the potential difference across the inductor is 
8VJ . m j and that across Ihe resistor is 6V r ms . The voltage is 

A. 2V B. 10F C. 14F D. 48V JAMB 1999 ,s 

Solution 

V L = 81/, V R = 6V 


Fora L — R circuit, V Tms = ~JV R 4 V 2 
= v/8 2 + 6 2 

= V64 + 36 

v rms = vToo = 10K 


A. C Circuit Containing Only Resistor and Capacitor. 


R. C Series circuit 


Fig 5.11 



Vr.ms'f 


For R . C circuit, the impedance Z RC = 


V V 

Y r.m.s _ v o 
If. ms Iq 


Zrc - J^ 2 + 


Current in the R C current, I 0 = 


lR 2 + x 2 
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The current / also leads on the applied voltage V by an angle 6 given by 



Effective or total circuit voltage, V = + V} 

Example 19 

An a. c source is connected in series to a capacitor of capacity reactance of 10 3 V3 and a 
resistor of resistance 10 3 X1. The impedance of the circuit is 
A. 2000>/3Xl B. 2000fl C. 1000>/3 D. 1000X1 

Solution 

Capacitive reactance X c = 10 3 V3, resistance R = 10 3 X1 
Impedance Z RC = JR 2 + x 2 

= J(10 3 ) 2 + (10 3 V3) 2 

= JlO 6 + (10 3 )*(V3) 2 

= V10 6 + 10 6 x 3 
= V10* + 3 x 10 6 
= y/4 x 10 6 
= 2000X1 


Example 20 


Fig 5.12 


30X1 

1 


X = 40X1 


• 200 ^ 

50/f z 


In the a. c circuit above, the current value is A. 6.67A B. 4.00 A 
D. 0.58A JAMB 2000 46 

Solution 

Resistance R — 30X1, K-.ms = 200K, 

Frequency f = 5 0H Z Capacitor reactance X c = 40X1 


C. 3.00A 


For R. C circuit, current 


V 

yjR 2 + X\ 


200 

V30 2 + 40 2 


200 


200 

50 


= 4.00A 


Example 21 

The resistance in a series R. C circuit is 5X1. If the impedance of the circuit is 1 3X1, 
calculate the reactance of the capacitor. WAEC 1996 54 

Solution 

R = 5(1 Z = 13X1, capacitor reactance, X c =? 

For R. C, Z RC = V* 2 x c 
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13 = +*r 

1 3 * = 5 2 + 

169 - 25 = 


144 


- Y 2 . 


x c = /f 44 - 1211 


a“oj5f capacitor is connected in series w.th a 30011 resistor across an a.c source ol 
potential dilTcrencc 50VJ-. ml and frequency ~~^ 2 ( ulculatc the r. ^^.^QQgSi 

current in the circuit. 

Solution 

Capacitance, C = 2.0 uF -2x 10 ~ 6 F, resistance, R = 30011, 

Vrms = 50 K, 


Capacitive reactance X c = * = 


r 314 u 
frequency, / = 

1 1 


2 nfC ~ 314 


27rx 17r X 2 X 10 " 


0.000628 


= 1592.36ft 


From Zur — 


Km* 

I r.ms 

V V 

Y r.m.s v r. 


Vrjns K-.m.s _ 50 SO 

z rc V« 2 +A 2 V300 2 + 1592.36 2 V2625S99.821 


50 




= 0.031/1 


Example 23 

A 40/iF capacitor in series with a 40ft resistor is connected to a 1 001/, 50Hz a. c supply. 

(i) Draw a circuit diagram of the arrangement 

(ii) Calculate the 

I. Impedance in the circuit; 

II. Current in the circuit; 

III. Potential difference across the capacitor WAEC 2008 £14 

Solution 

C R 


40 uF 40n 



Fig 5.13 100F,50 Hz 

Capacitance C - 40 fiF = 40 x 10" 6 F ; resistance R = 40ft ; 
Frequency f = 50 Hz K.m.s = lOOV' ; 

(i) Impedance Z HC = yjJt 2 + X% 

y 1 

c 2 nfC 2 x n x 50 x 40 x 10" 6 “ 79 58n 

Z uc = v/40 2 + 79.50 2 = H9.07H ' 



00 


current, / 


K.,n.s 

yfiP + xl 


7. 
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100 

/ = — — = 1 . 12/1 

89.07 

(iii) Potential difference across capacitor V = / X X c 

V = 1.12 X 79.58 = 89.35K 


A. C Circuit Containing Only Inductor and Capacitor 



Current in L — C circuit, l 0 = 


Zlc = V(*i-*c) 2 = * L -X c 

v„ v„ 


V (X L - X c ) 2 — Xc 


In the L. C circuit, the inductor voltage V L and the capacitor voltage V c are out of phase 
by 180°. 

Effective voltage V = J{V L — V c ) 2 = V L — V C 


Example 24 

soo 

The frequency of the a. c circuit below is — H z . What is the reactance in the circuit 


Fig 5.15 



N.ECO 2002 s2 


Solution ,, 

Inductance L = 0.9W, capacitance C - 2/iF - 2 x 10 F 

Inductor reactance X L = 2* fL = 2* x 500/tr x 0.9 = 900fi 

1 1 1 

Capacitor reactance. X c - 2j[fc " 2|f x 500 x 2 x 1Q _ 6 * ^02 ' 500n 


Circuit reactance. Z LC = Jx£ + Xj = V^OO 2 + SOO 2 V 1060000 


= 1029.56 = 1030A 
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For RLC circuit, the impedance, Z = r T ^ = *“ 

Ir.ms * o 

Z = V« 2 + (* t - ATc) 7 


Current in flLC circuit, L = • 


Phase angle is given by; Tan 0 = 


R 2 + (x L -x c y 
V L - /X, - IX C 



Effective voltage, V = 


Example 25 

An a.c circuit of e.m./ 12P has a resistor of resistance 8ft connected in series to an 
inductor of inductive reactance 16ft and a capacitor of capacitive reactance 10ft. The 
current flow in the circuit is. 1A4 B. 14.0/1 C. 1.2 A D. 12.0 A JAMB 2004 29 

Solution 

V rM = \2V. R = 80. X L = 16ft, X c = 10ft 

V 

Curent in RLC circuit / = - 

J£2+(X l -X c ¥ 

r 12 12 12 12 12 

V8 2 + (16-10P yW + b 1 V64+36 “ VlOO ~ 10 * 1 ‘ 2i4 


Example 26 

A source of e. m. /of 240K and frequency 50 Hz is connected to a series arrangement of a 
resistor, an inductor and a capacitor. When die current in the capacitor is 10A the 
potential difference across the resistor is 140K and that across the inductor ,, 
50V. Calculate the 

(i) Potential difference across die 

(ii) Capacitance of the capacitor 


(iii) Inductance of the inductor 

Solution 


WAEC2 002* 14 
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Potential difference across inductor V L = 50V Frequency f — ’ , _ ma 

Potential difference across resistor Vr = 140V Current throug capaci or 
Potential difference across capacitor V c = ? 

Potential difference across RLC circuit V = 240V 

(1) V 2 = Vi + ( v L - V C Y 

240 2 = 140 2 - (50 - V c ) 2 
38000 = (50 - Vc) 2 
V38000 = 50 - V c 
±194.9 = 50 - V c 

V c = 50 + 194.9 or 50- 194.9 
V c = 244.9V or -144.9V 
Potential difference across capacitor V c = 245V 
■ / 10 10 
00 Ca P acltance C = WT C = 2nx50 ' x 24 5 = M37J5 

C = 1.299 x 10' 4 - 130 x 10' 6 F or 130 pF 


From V L = tX L and X L = 2nfL 


inductance, L = 


Vl 

2 nfl 


50 

2/r x 50 x 10 


1 

2 n x 10 


= 0.0159 H 


Example 27 

A series circuit consisting of a 100H resistor, a coil of 0.10// inductance and a 20 fiF 
capacitor, is connected across a 1 10F, 60 Hz power source. 

(i) Draw the circuit diagram of the arrangement. Calculate the 

(ii) Inductive resistance (iii) Capacitive reactance (iv) Impedance of the circuit 

(v) Current in the circuit (vi) Power loss NECO 2002 f14 

Solution 


Fig 5.18 


R 

ioon 


tmon 1 1 — 

0.10H 20^F * 


110^,60 H z 


R =100 ft L =0.10//, C = 20 nF = 20 x 10" 6 F, V r ms = 1 \0V, f = 60 H z 
(ii) Inductive reactance X L = 2 nfL = 2n x 60 x 0.10 = 37.7011 

1 1 


(iii) Capacitive reactance X c 


2 nfC 2tt x 60 x 20 x 10" 6 


= 132 63H 


(iv) Impedance for RLC circuit, Z RLC = JR 2 + ( x L - X c ) 2 

Zrlc = Vl00 2 + (37.70 - 132.63) 2 
= VlOO 2 + (-94.93) 2 


= V10000 + 9011.70 
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= VT90TT7 = 137.88ft 
(vi) Power loss, P = l 2 R = 0.8 2 x 100 = 641V 

R 0.8x110x100 Hm64W 
or P.1K««./Kxj. ^ 638 


RESONANCE IN A.C CIRCUIT 

A resonance circuit is an RLC circuit through which maximum alternating c ^ occurs 
The frequency at which resonance occurs is called resonance frequency \J 0 
when X L = X c . Also, at resonance V L = V c 

Resonance frequency, L = = 

2 nyflC 

Maximum current at resonance I = V/R 


Example 28 

In a series L ~ C circuit, the inductance and the capacitance are 5 H and 2 fiF respectively. 
Calculate the resonance frequency of the circuit NECO 2000 s1 

Solution 

Inductance L = 5 H. capacitance C = 2/cF = 2 x 10' 6 F 


Resonance frequency, 

fa- 


1 1 

~ 2jtVZc ~2)tx V5 x 2 x 10' 6 
1 1 
2ir x Vl x 10 -s 2ff x 3.16 x 10“ 3 


1 

1.987 x 10* 


= 50.3//Z 


Example 29 


Fig 5.19 


isn 5 fiF 8 mH 

^ I 1 h ■ mfldh 

0 

E = c 0 smcut 


In the a. c circuit diagram above, the resonance frequency is 

SOOO g 2S00 £ -5000 p 2SOO 

nHz kHz ' *r Hz ' wJtz 


JAMB 1998 4S 


Solution 

Inductance L = SmH = 8 x 10" 3 tf, capacitance C = 5 pF = 5 x 10 -S F 


Resonance frequency /„ 


1 1 

lif'JlC 2jt x V8 x 10~ 3 x 5 x 1Q-* 


fo = 


1 _ 1 10000 

2W4 x 10’ 8 2w x 0.0002 4ir 


2500 

Hz 


TZ 


Example 30 

A capacitor of 20 x 10‘ 12 F and an inductor are joined in series. The value of the 
inductance that will give the circuit a resonant frequency of 200KHz is 

A i-H B.\H C iff D .±H JAMB 2001 49 
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Solution 

C = 20 x 10 ~ 12 F; Resonance frequency, f 0 
Inductance L —1 


lOOKHz = 200000Hz; 


1 


At resonance X L = X c or 2nfL — 2 n fC 


l-i2 


Rearrange and substitute. 2n x 2 x 10 s x L — 2 ^ x 2 x 10 5 x 20 x 10 

1 _ 

L = 2n x 2 x 10 s x 2n X 2 x 10 s X 20 x 10“ 32 


= 4 // 


Example 31 

Given that the voltage amplitude of the a. c source shown in figure 5.19 is 100V 

(i) Determine the resonant frequency of the source. 

(ii) Calculate the maximum current passing through the resistor. 


Fig 5.20 

Solution 

R = lOOfi; L 



0.1 H; C = 0.1 /iF = 0.1 x 10~ 6 F; V rjnj = 100V 


(i) Resonant frequency. 


fo 2nVLC 


1 

2/rVO.l x 0.1 x 10“ 6 


fo = 

(ii) Maximum current / r m _* = 


2n x 0.0001 
V V 

¥ r.ms r r.ms 


= 1591.55 Hz 


2 y/R* + (X L -X C ¥ 


If current is maximum, X L — X c or X L — X c = 0 

Vrjns 100 


; _ _r.m^ _ — - _ - A 

rmj D 100 1A 


POWER IN A.C CIRCUIT 

Average power in a. c circuit P = IVcosG or P = l 2 R 
Where / = root mean square current, I r ms 
V = root mean square voltage, V rm ^ 

G = phase angle, angle of lag or lead between / and V 

resistance R 

cos0 = power factor = : = — 

impedance Z 

Example 32 

The power dissipated in an a. c circuit with an r.m.s. current of 5A,r.m.s. voltage of 
1 QV and a phase angle of 60° is A.25W B. 70 W C. 120W D. 125W 

JAMB 1997 4 * 
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Solution 

Ir.m s = K.ms = I OV. phase angle 0 = 60° 
Power P — ll'cosfl = 5 x 10 x cos60 = 25 W 


Example 33 . j2H resistor, the power 

When an a.c given by 1 = 10sin(120rr)t passing to & -inw IAMB 2003 4S 
dissipated in the resistor is A. 1200W B. 600W C. 120W D.30WJA 

l = 10sin(120»r)t From equation, peak current l 0 = 1 0A, resista 
Root mean square current, V rms = = -j= = 7 .07 A 

Power, /> = / 2 /? = 7.07 2 x 12 = 599.8 = 600 W 


Example 34 00 . 

The diagram below illustrate an a.c source of 501/ (r. m.s), connec * e m s 

with an inductor of inductance L and a resistor of resistance R. The current in the circuit is 
2A and the potential difference across L and R are 30V and 40V respectively, a cu ate 

(i) The power factor of the circuit 

(ii) The average power dissipated in the circuit 



WAEC 1998 49 


Solution 

^r.m .5 = 50P; f = —Hz\ I — 2A; V L = 301/; ]/ R — 40V 


0) Power factor, cos0 


resistance _ R 
impedance Z 


From, V = IR for a resistor, R = y- = ^ = 200 

From, V L = IX L for an inductor, X L = 150 

For L - R circuit, Z = JR 2 + X L 
= V20 2 + 15 2 


= V 400 + 225 = ^625 = 250 
20 

Power factor, cos0 = — = — = n n 
Z 25 Ua 

(ii) Average power P = 7 2 /? = 2 2 x 20 = 8(W 



exercise s. 

!• Calculate the peak voltage of a mains supply of r. m.s value of 220V 

WAEC 1994 51 Ans: 311" 

2 - In an a. c circuit the peak value of the potential difference is 1801/. What is the 
instantaneous potential difference when the phase angle is 45°? 

WAEC 1994 s6 Ans: 90V2 

3. h\ A. C circuit theory, the root mean square (r. m.s) current, Irons' 311 ** t ^ lt P ea ^ 
(maximum) current l Q are related by A. I 0 = I r m s / V2 B. I rms = 

C - 'r.ms = 1// 0 V2 D. 1 Q = l// r m . s V2 JAMB 199 2 46 Ans: B 

4. The voltage of the domestic electric supply is represented by the equation V 

3 1 lsin314.2t. Determine the frequency of the a.csupply. A. 50.0 Hz B. 100.0 Hz 

C. 311.0 Hz D. 314.2//z (tt = 3.142) JAMB 1997 47 Ans: 50.0 Hz 

5. When a certain a.c supply is connected to a lamp, it lights with the same 

brightness as it does with a \2V d.c battery. The r.m.s value of the a.c supply is A. 
8 *5l/ B. 17.0F C.3.SV D. 12. OK /4M0 2006 47 Ans: 12.0F 

6. Calculate the peak voltage that could be obtained from a 220 V r ms main supply. 

NECO 2005 s1 Ans: 311F 

7. 


Fig 5.22 



Calculate the inductance L of the coil in the circuit shown above. 

WAEC 1995 30 Ans: 0.6 H 

8. An inductor of inductance 10 H carries a current of 0.2 A. Calculate the energy 

stored in the inductor. WAEC 2002 44 Ans: 0.2/ 

9. Calculate the inductance of an inductor whose reactance is one ohm at 50 Hz. 

WAEC 2002 45 Ans: 3.18 x 10 ~ 3 H 

10. A 2 H inductor has negligible resistance and is connected to a ^ Hz a.c supply. 
The reactance of the inductor is A. 200H B. 50H C. ^ Cl D. ^ ft 

JAMB 2000 36 Ans: 200fl 

11. The energy stored in an inductor of inductance 5 mH when a current of 6 A flows 
through it is A. 1.8x10 * 2 / B. 9.0 x 10' 3 / C. 1.4 x 10" 2 / 

D. 9.0 X 10~ 2 J JAMB 2004 27 Ans: 9.0 x 10 ~ 2 J 

12. If two inductors of inductances 3 H and 6 H are arranged in series, the total 
inductance is A. 18.0 H B. 9.0 H C. 2.0 H D. 0.5 H JAMB 2005 1S Ans: 9.0 H 

13. Calculate the energy stored in an inductor of inductance 0.5 H when a current of 

2 A flows through it. NECO 2004 49 Ans: 2.25/ 

14. A direct current of 5 A flows through a 0.2 H inductor. Calculate the energy stored 

in the inductor. WAEC 2008 45 Ans: 2.5 J 

15 . Calculate the energy stored in an inductor of inductance 0.5/f when a current of 

5A flows through it. NECO 2 0 0 8 47 Ans: 6.25/ 

16. Calculate the energy stored in an inductor of inductance 0.5 H when a current of 

5 A flows through it. NECO 2008 47 Ans: 6.25/ 

5 mH 10 mH 20 mH 

o — (mm — (TTTfrx — mrmn — «, 


17 . 

Fig 5.23 
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, mH 10 m// and 20m H connected .n senes 
Given three inductors of inductances -> ■ ^ 2.90 mH 

the effective inductance is A. 0.35 mH B- • 9nn o*4 A ns 35.00 mH 

D. 35.00 mH 7 L to an a- c power source of 

18. A capacitor of capacitance 25 /if is conncc 

frequency ^Hz. Calculate the reactance of the capacitor^^ AnslC 


19. 
frequency 

20 . 


□i. 

WAEC 1995 43 Ans lOOfl 

A capacitor of capacitance 25 /if is connected to an u * " ^ ig97 40 Ans: 100ft 

' — Hz. Calculate the reactance of the capacitor. 


Fig 5.24 


240V rmJ 

-0 a— 


H=ZI- 

4a 


_/nna_ 

*± = 30 


In the diagram above, determine the r. m. 5 current. A. 3 1 A B. 48A C. 60A D.80A 
* JAMB 2001 38 Ans: 48A 


21 . 


Fig 5.25 


0.1 H 


7SV. -Hz 


(^) 1.5/1 


From the diagram above, the inductive reactance and the resistance R are respectively 
A. 25ft and 5111 B. 20ft and 50ft C. 10ft and 50ft D. 50ft and45ft 

JAMB 2007 39 Ans: 10ft and 50ft 

22. Calculate the reactance of the inductor in the circuit diagram shown, (ji = — ) 

0.7// 5 on 

. rOmr r — 1 1 


I © * 

Fig 5.26 230V, 60 Hz WAEC 2 00 1 42 Ans: 264ft 


23. In a series R - C circuit, the resistance of the resistor is 4ft and the capacitive 
reactance is 3ft. Calculate the impedance of the circuit. WAEC 1993 35 Ans* 5ft 

24. Calculate the following in the series circuit shown below 

(i) Reactance of the capacitor. 

(ii) Impedance of the circuit 

(iii) Current through the circuit 

(iv) Voltage across the capacitor 

(v) Average power used in the circuit 
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1 ()///•“ 
I I 


i non 




Fig 5.27 90/,25//z ^ 

1VHH M (1) 636.6211 (ii) 1105. 411 (iii) <> ^ "whncc of ihc circuit is 

25. The resistance of a series R — C circuit is J • • ^ 200'i 5U A ns: 1 2H 

1 3H, calculate the reactance of the capacitor. 


26. 

© 

rmm 1 1 

Fig 5.28 0.9 H 2fiF 

If the frequency of the a.c circuit illustrated is — Hz what would be the reactance 
circuit? 71 WAEC 1990 41 Ans: 400H 

27. A source of e.m.f 240/ and frequency 50 Hz is connected to a resistor, an 
inductor and a capacitor in scries. When the current in the capacitor is 10/1, the p entia 
difference across the resistor is 1401/ and that across the inductor is 50V . Draw the vector 
diagram of the potential differences across the inductor, capacitor and the rc.ii.stor. 
Calculate the 

(i) Potential difference across the capacitor. 

(ii) Capacitance of the capacitor. 

(iii) Inductance of the inductor. WAEC 1991° Ans:(i) 245/ (ii) I30j/F (iii) 0.0o9W 

28. In the diagram below the resistor has a resistance of 8H while the reactance of the 
inductor and the capacitor arc 10fl and 16f2 respectively. Calculate the current in the 
circuit. 


Fig 5.29 


L C R 
cmw — 1 1 1 — 


130/, 50 Hz WAEC 199 6 53 Ans: 13.0A 




29. A series RLC circuit comprises a 100-fl resistor, a 3 -H inductor and a 4 -\iF 


capacitor. The a. c source of the circuit has an e. m.f of 100/ and frequency of — Hz. 

(i) Draw the circuit diagram of the arrangement. Calculate the 

(ii) Capacitive reactance 

(iii) Inductive inductance 

(iv) Impedance of the circuit 

(v) Current in the circuit 

(vi) Average power dissipated in the circuit. WAEC 1999 £4 

Ans: (i) 781.125H (ii) 960H (iii) 204.8217 (iv) 0.488A (vi) 23.8 W 

30. In a scries L — C circuit, the inductance and the capacitance are 0.5 H and 20iiF 
respectively. Calculate the resonant frequency of the circuit. M 

WAEC 1998 4R Ans: 50.31 Hz 


31. In a series R.L.C circuit at resonance, the voltages across the resistor and the 
inductor are 30/ and 40/ respectively. What is the voltage across the capacito J! 

A 30V B. 401/ C. 501/ IX 70^ JAMg ^ ^ ^ 
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32. The resonance frequency of a series RLC circu.t is expressed as 

A . _L_ || ZirJTc f^ H 2nLC NEC ° ^ 

33. 2n ^n a purely resis„ve «.c eireui,. £ current. / = /„»"«* and the voltage, V = 

K 0 sin*i>t. Calculate the instantaneous power dissipated in the circuit in im 

A. l„V 0 B. 2tX C.^ I). l o V o sin* 0 ,t li. l a 2 Vj WAEC 1993” Ans: l 0 V 0 sm cot 

34. In the circuit diagram below, calculate the energy stored in the 
resonance 


100n 0.1 H O.lfiF 


Fig 5.30 



100K,50 Hz 


WAEC 2001 41 Ans: 0.05/ 


35. An alternating current with a peak value of 5 A passes through a resistor of 
resistance 10.011. Calculate the rate at which energy is dissipated in the resistor. 

WAEC 1997 36 Ans: 2501V 

36. What is the direct current equivalent of an alternating current 5sinGJt? 

NECO 2 0 0 7 50 Ans: 3.54A 

37. A 1 201/, 60 W lamp is to be operated on 220K a.c supply mains. Calculate the 
value of non-inductive resistance that would be required to ensure that the lamp is run on 
correct value A, 20011 B. 30011 C. 50011 D. 100H JAMB 2 0 0 7 46 Ans: 20011 

38. Calculate the average power dissipated in an a.c circuit with an r. m.s current of 
5 A, r. m. s voltage of 1 OK and phase angle of 60°. NECO 2 0 08 49 Ans: 25 W 

39. 


Fig. 5 J! 

V 

From the diagram above, if the potential difference across the resistor, capacitor and 
conductor are 80V, 1 10V and 40V respectively, the effective potential difference is 
A. 1 1 6.3 V B. 50.0V C. 230.0V D. 1 06.3 V JAMB 2009 44 Ans: D 

40. An inductor of inductance 1 .OH is connected in series with a capacitor of 

capacitance 2.0 piF in an a.c. circuit. Calculate the value of frequency that will make the 
circuit to resonate. WAEC 2009 44 Ans: 1 12 5Hz 

41. An ammeter connected to an a.c. circuit records 5.5A. What is the peak current in 

the circuit? WAEC 20 09 4S Ans: 7.8A 

42. A source of e.m.f. 1 1 0V and frequency 60Hz is connected to a resistor an 
inductor and a capacitor in series. When the current in the capacitor is 2A the potential 
difference across the resistor is 80V and that across the inductor is 40V. 

Draw the vector diagram of the potential difference across the inductor the 
capacitor and the resistor. Calculate the: 

(i) Potential difference across the capacitor; 

(ii) Capacitance of the capacitor; 

(iii) Inductance of the inductor [tt = 3.14 1 

WAEC 2009 kl4 Ans: fi) 1 1 5.5V i •»» 45 9 x or4tyF (iii) 0.05 » 
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ENERGY QUANTIZATION AND 
WAVE-PARTICLE PARADOX 

ENERGY QUANTIZATION 0 _ B|ic 

According to the quantum theory suggested by Max Planck, heat or eiectromagn 
radiation is emitted in fixed, discrete or separate amounts known as quanta. 

The energy £ of a photon or quantum is given by: 


E — hf 



Where h = Planck’s constant = 6.6 x 10 34 /s 

c = Velocity of electromagnetic waves in free space = 3.0 x 10 8 ms 
A = Wavelength of electromagnetic wave (m) 
f — Frequency of electromagnetic wave ( Hz ) 

Electrons in an atom have definite energy levels with definite values like E a , 
E\ ,E 2 , £ 3 ...e. t.c. The energy of the electron could change from one level to another, for 
example, the energy of the electron could increase form lowest energy leve! i ground 
state E a to E t or decrease from £ 3 to a lower energy level E 2 or E x 

Energy change, A£ = E n - E 0 = hf 

he 

Or A E = E n - E 0 = — 

Where E n = Energy in excited state, n = 1, 2, 3 

E 0 = Energy in ground state. 

The greater the energy change, the greater will be the frequency of the emitted radiation. 

Example 1 

An electron makes a transition from a certain energy level E k to the ground state E If 
the frequency of emission is 8.0 x 10 1A H Z , the energy emitted is 
A. 8.25 x l<r 19 7 B. 5.28 x ltT 19 / C. 5.28 x 10 19 / D. 8.25 x 10 19 / 
[h = 6.6 x 10' 34 /5] j amb 2003 48 

Solution 

Frequency / = 8.0 x 10 14 Hz, fr = 6.6 x 10 _34 ys 
Energy emitted E = hf 

E = 6.6 x 10" 34 x 8.0 x 10 14 = 5.28 x 10~ 19 / 

Example 2 

Calculate the energy earned by an X-ray of wavelength 6.0 x 10“ lo m 
[Plank's constant = 6.6 x 10' 34 /s, velocity of light = 3.0 x 10 8 ms _1 ] 

WAEC 1995 58 

Solution 

Wavelength A = 6.0 x 10" lo m, velocity of light c = 3.0 X 10 8 ms -1 
h = 6.6 x 10 _34 /s 

he 

Energy E = hf or E = — 
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6.6 x 10~ 34 x 3.0 x 10 a = 3 3 x i(T ,6 7 
6.0 x 10-«“ 


Example 3 -\3.6eV energy level. 

An electron makes a transition from —3.4eV energy ^ c ' c 
Calculate the 

(i) value of the loss of energy due to transition in joules. 

(ii) frequency of the emitted radiation n 

[leV = 1.6 x 10“ 19 y ; h — 6.6 x lO^Js] NEC0 20UJ 

Solution iiftpV 

Initial energy level E, = —3.4eK; final energy level Ef — 

leV = 1.6 x 10 "V. ft = 6.6 x lO -34 /* 

(i) Loss of energy, A£ = £) — Ef 

= -3.4 -(-13.6) 

= -3.4+13.6 
= 10.2ey 

= 10.2 x 1.6 x 10" 19 
= 1.63 x 10 - 18 / 

p 1 63 x I0' ia 

(ii) From E = hf, frequency f = — = ^ ^ x iq ^ 34~ = 2. 5 x ^ lS ^ z 


Example 4 

An atom radiates 1.5 x 10 -19 / when an electron jumps from one level to another. What 
is the wavelength of the emitted 

radiation?[Planck / s constant = 6.6 x 10 _34 /s] [speed of light in vacuum = 3.0 x 

10 8 ms -1 ] NECO 2005 58 

Solution 

Energy radiated, E = 1.5 x 10 ~ 19 J, h = 6.6 x 10 " 34 /s, c = 3 x lO 8 ™*' 1 


E 


he 

T 


hC 6.6 x 10‘ 34 x 3 x 10 8 

wavelength, X = — = ^ g * 1Q _ 39 = 1.32 x 10“ 6 m 


Example 5 

A photon of wavelength A c is emitted when an electron in an atom makes a transition 
from a level of energy 2 E k to that of energy E k . If the electron transits from - El to Ex, 

level, determine the wavelength of the photon that would be emitted. WAEC 2 001 44 

Solution 

he 

Energy charge, AE = E 1 — E 2 = — 

I st instance AE = 2 E k — E k = E k 



2 nd instance AE = ~ E k — E k = j E k 



Making the constants he subjects of equation 1 and 2 we have 
1. he = X 0 E k 



Equate he in both equations to obtain 
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A a E k 


3 


New wavelength, X = = 3A„ 

E k 


Example 6 

In a model of the hydrogen atom, the energy levels W n are given by the forTOU a ^ ^ ^ 
= ~ ~7 where n is an integer and R is a constant. Determine the energy re e^ 

transition from „= 3 to n= 2 WAEC2M2' 

Solution 


Energy released E = W 3 - W 2 


W 3 



R 
9 ' 



R 

4 


W 3 -W 2 



R R 
m 9 + 4 

~ 4 9 

9fl - 4/? Sfl 
36 “ 36 


Electron Volt and Kinetic Energy 

In atomic theory, the energy of an electron is expressed in joules (/) or electron volt 
C eV ). An electron volt is the energy acquired by an electron in falling freely through a 
potential difference of 1 volt Therefore, \eV = 1.6 x 10“ 19 /. 

Emitted elections are accelerated through a potential V and acquire a potential 
energy eV. The potential energy is converted into kinetic energy and the electrons finally 
acquired a velocity V. This process is expressed as follows. 

eV = im e v 2 

eV = E x 
eV = hf 

Where e = electronic charge = 1.6 x 10 19 C 

V — accelerating voltage or potential difference (1^) 
m e = mass of electron 9.1 x 10 ~ 2l kg 
v = velocity of electron ms' 1 
E k = kinetic energy of electron (J ) 
h — Planck’s constant = 6.63 x 10' 34 /s 
/ = frequency of electron (Hz) 

Example 7 

An electron of charge 1.60 x 10 _l9 C is accelerated under a potential difference of 
1.0 X 10 5 /. Calculate the energy of the electron in joules. WAEC 2008 £7 

Solution 

Electron charge e = 1.60 x 10” 19 C ; accelerating p. d , V = 1.0 x 10 s V 

Kinetic Energy E, ( = eV 

= 1.60 x 10” 19 x 1.0 x 10 s 
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I .Ml x 10 H / 


Kxumplr N elncilv 

A .'OOAT is upplied ncross tin X-niy lube, calculate the m ” * 'T/rr'i n n 4 7 
electrons produced. |m, «9,1 x 10 1 1 ky, e ■ 1.6 x 10 *'C| " 


Solution 

I'olcnlinl ilillcrcnec V ■ MOKV - 500000^ = 5 x 10 r, l / 
Moss of electron m, ■0.1 x 10" :ll fc,y; v = 1.6 x 10 n C 


of the 


1 , 

cV =-m,v i 

IcV = m e v 2 


l> a 



j l x 1,60 x 10~ 19 x 5 x 10 s 
J 9.1 x 10' 31 


/T76X10 17 
4.2 x 10 8 ms"‘ 


Kx ample V 

If the frequency of mi emitted X ray is 1.6 x lO 16 //*, the accelerating potential is 
A. 6.6V H. 66.3V C. 663.0V I). 6630.0V 

If ■ 1.6 x 10-' q C, It = 6.63 x 10-»Vs] ! AMB 2QQ2 “ 

Solution 

f = 1.6 x lO" 1 //*, e = 1.6 x 10- ,g C, h = 6.63 x 10- 34 /s 

h f 

l : rom cV = hf t accelerating potential. V = — 

e 

6.63 x 10~ 34 x 1.6 x 10 16 

v= ri’xicF’ =663,/ 


Example 10 

The pnlcnlial difference between the cathode and target of an X-ray tube is 5.00 X 10 4 V 
and the current in the tube is 2.00 x 10~ 2 A. Given that only one percent of the. total 
energy supplied is emitted as X-rndiatinn, determine the 

(i) maximum frequency of the emitted radiation. 

(ii) rate at which heal is removed from the target in order to keep it at a steady 
temperature. 

(Planck's constant, h = 6.63 x 10' 34 Js; electronic charge e = 1.60 x 10 _19 C] 

WAEC 2004 E1S 

Solution 

h = 6.63 x 10~ 34 /.v; e = 1.60 x 10" l9 C; 

V = 5.00 x 1 0 4 V; Current, / = 2.0 x 10” 2 >1 


eV 


(I) Fmin hf = i*V, maximum frequency,/ = — 

n 

1 %ofeV 0.01 x 1.60 x lO' 1 " x 5.00 x 10 4 
^ h 6.63 x 10- ' 4 


= 1.207 x 10 7 Hz 


(ii) Rate of heal energy removal power, P = 1V(100 - 1%) or 99% of heat has to be 
removed. 

/> ■ 99% X / X V 

rn (1.99 x 2.00 x 10 1 x 5.00 x I0 4 
a 990 IV Or 990 Is 1 
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Photoelectric Effect: Einstein Equation radiation of sufficient 

Electrons arc ejected from a metal surfucc when electromug ^ waV elcngth of t c 

frequency falls on a metal A metal emits electrons provide ^ electrons will not 

radiation is less fh>jn a ccrtuin value. If the wavelength is too c xampi c * when 

he emitted no matter the intensity and duration of the ro *.? y\nc, electrons arc 
ultraviolet radiation of a particular frequency and wavclcngt a 

emitted by the zinc atom. ta | p | a te when it 

Therefore, Photo electricity is the emission of electrons rom ® ns depends 
ts illuminated by light. The maximum kinetic energy of the emilte c of the light 

only on the frequency or wavelength of the incident light and not t e in 

beam. it d the work 

Ihc minimum energy needed to pull out an electron is ca e m | n imum 
function(W 0 ) of the metni. Threshold frequency (f 0 ) or wavelength f o) 
frequency or wavelength that must be exceeded for electron emission to occu ^ 

When a photon or quantum of light energy, E or hf , is incident on am » 
this energy known ns the work function ( W 0 ) liberates the electron om e ^ 

remaining energy gives the liberated electron a kinetic energy of -mv . This proc 
represented by the Einstein equation. 

Energy of photon = Work function + kinetic energy 

E = W 0 + E k 

hf = hf 0 + jm e v 2 


hf = hf 0 + eV 
he 

*/■ = — + eV 


Where W a = hf Q = — = work function (/) 

X 0 ,f o = Threshold wavelength (m), threshold frequency (Hz) 

E k = = eV - maximum kinetic energy (/) 

Depending on the question given, any, or a combination of the above equations can be 
applied 


Example 1 1 

The work function of a metal is 4 65el/ and the metal is illuminated with a radiation of 
6.86elA What is the kinetic energy of the electrons ejected from the surface of the metal? 

WAEC 1991 s9 

Solution 

Work function W 0 = A.6SeV, energy of radiation, E(hf) = 6MeV 
E = W 0 +E k 

Kinetic energy, E K = E - W Q 
= 6.86 - 4.65 
= 2.2 lel^ 


Example 12 

The work function of a metal is 8.6 x 10 19 J. Calculate the wavelength of its threshold 
frequency. 

[speed of light in vacuum = 3 x 10 B ms~\ Planck's constant = 6.6 x 10 _34 ys] 

WAEC 1994 60 


Solution 

w a = 8.6 X 10' 19 ;, C = 3 X 10 8 ms-\ 


h = 6.6 x 10 34 /s 



Work function W D = hf Q or W a = — 

he 6.6 x 10~ 34 * 3 x = 2.3 X l(T (i) * * * * * 7 m 
Threshold wavelength, A 0 = — 3 5 x 10' 19 


Example 13 pH to eject a surface electron 

Calculate the frequency of the photon whose energy is requir . 1 33 x 10" 16 eV^. 

with a kinetic energy of 1.9 x lO'^eK. If the work function i- 
[leV = 1.6 x 1(T 19 ;, Planck's constant, h = 6.60 x 10 js J ^ 2 002 £1 ° 


Solution 9 _ n4 in -35 / 

Kinetic energy, E* = 1.9 x 10“ 16 eK = 19 x 10' 16 X 1.6 X 10 - 

19 "7 1 3 X 10' 35 / 

Work function. W 0 = 1.33 x 10- 16 eK - 1.33 x lO' 16 * 1.6 X 10 - ^ > 


_ , E k + W 0 

Frequency, / = — - ° 

h 


hf = E K + W 0 

3.04 x IQ' 35 + 2.13 x IQ' 35 _ ? g3 x 10 -2 Hz 
6.60 x 10 -34 


Example 14 

Caesium has a work function of 3 x 10~ 19 /. The maximum energy of liberated electrons 
when it is illuminated by light of frequency 6.7 x 10 14 //z is 
A. 1.42 x 10 -l9 y B. 3.00 x 10 _1 ’/ C. 4.42 x 10“ 19 / D. 7.42 X 10 _,9 y 
[h = 6.6 x 10 _34 /s] JAMB 2008 47 

Solution 

W 0 = 3 x 10‘ 19 ; ; f = 6.7 x 10 14 tfz ; h = 6.6 x 10' 34 /s 
hf = E K + Wo 

Maximum kinetic energy, E K = hf — W 0 

E k = 6.6 x 10’ 34 x 6.7 x 10 14 - 3 x 10‘ 19 
= 4.422 x 10“ 19 — 3 x 10” 19 
= 1.422 x 10" 19 ; 


Example 15 

A photo emissive surface has a threshold frequency of 4.0 x 10 14 Hz. If the surface is 
illuminated by light of frequency 5.0 X 10 ls Hz, Calculate the 

(i) Threshold wavelength 

(ii) Work function 

(iii) Kinetic energy of the emitted photo electrons 

[ c = 3.0 x 10 8 ms _1 ( /t = 6.63 x 10 -34 /s] WAEC 2008 £1S 

Solution 

Threshold frequency f 0 = 4.02 x 10 lA Hz 
Radiation frequency / = 5.0 x 10 ls Hz 
c = 3.0 x lO 8 ™*' 1 ; h = 6.63 x 10~ u Js 

(i) From c = A/, threshold wavelength A 0 = ~ 

Jo 

3.0 x 10 B 

X ° ~ 4.02 X 10 4 “ 7 46 X 10 " 7m 

(ii) Work function W 0 = hf 0 

= 6.63 x 10' 34 x 4.02 x 10 14 

= 2.67 x lO -19 / 
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(iii) Kinetic energy E * — kf W Q 

= 6.63 x 10' M x S O X 10“ 
= 3.315xl0' ie -2.67x10 
= 3.048 x 10 - ,a 7 


ts _ 2.67 x 10' 


The graph below represents the result of a certain photoelectric experiment w 
stopping potential V s is plotted against the frequency / 

Determine from the graph, the 

(i) threshold frequency 

(ii) threshold wavelength 

(iii) work function of the material _ . c\-i q C.\NECO 2006 £ 

(iv) value of Planck’s constant [c = 3.0 x 10 ms , e — 1. 



Solution 

(i) Threshold frequency = intercept on f-axis 
f o = 4.7 x 10 l4 Hz 

(ii) From c = Xf, threshold wavelength is 


c 3.0 x 10® 
'Jo* 4.7 x 10 14 


= 6.38 x 10“ 7 m 


(iii ) Work function W 0 = e x intercept on ^ -axis 

= 1.6 x 10~ 19 x 1.9 = 3.04 x 10" 19 y 


(iv) Planck’s constant (h) - e x slope 

AV S 0.8-0 0.8 _ 1S 

From graph, slope - ^ 6.6 - 4.7 1.9 xlO 14 

. h = i 6 x 10' 19 x 4.2 x 10' 15 = 6.7 x 10‘ 34 ys 
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Stopping Potential 

The stopping potential of a photoelectron emission 

eV s = E k 


is given by; 


eV s =hf-W 0 


Therefore, stopping potential 


V 5 = 


hf-W Q 

e 


Ek 

e 


Where V s = stopping potential in volt (V) 

e = electronic charge = 1.6 X 10 _19 C 
E k — maximum kinetic energy (J) 

W , = work function (J) 


LiAAiiipic l / 1 rf /v» 

The maximum kinetic energy of the photoelectrons emitted from a meta s a 
0.34e^. If the work function of the metal surface is 1.83el^, find the stopping potentia . 
A. 2.11V B. 1.49V C. 1.09K D. 0.34K JAMB 2003 44 

Solution 

Maximum kinetic energy E K = 0.34eV ; W 0 = 1.83eV 

hf = W 0 +E K 
= 1.83 + 0.34 


= 2.17eK 

0 hf — W Q (2.17 - 1.83)el/ 0.34eK 

Stopping potential,^ — = = — 0.341^ 

e e e 

Alternatively , we could have solved it quickly by using, eV s = E K 

E k 034eV 

Stopping potential, V s = — = = 0.34^ 

e e 


Example 18 

Light of wavelength 5.00 X 10 _7 m is incident on a material of work function l^Oe^. 
Calculate the 

(i) Photon energy 

(ii) Kinetic energy of the most energetic photo electron 

(iii) Stopping potential 

[Planck's constant h = 6.6 x 10' 34 y$ ; c = 3.0 x 10 8 ms _1 , leV = 1.6 x 10“ 19 /] 

WAEC 2001 £1 

Solution 

A = 5.00 x 10" 7 m; W 0 = \.9tieV = 1.90 x 1.6 x 10" 19 = 3.04 x 10“ 19 /- 

h = 6.6 x 10 " 34 /s; c = 3.0 x 10 8 m5' 1 

he 

(i) Photo energy, E — hf = — 


6.6 x 10" 34 x 3.0 x 10 8 
5.00 x 10 7 


= 3.96 x 10“ 19 y 


(ii) Maximum kinetic energy E K = hf — W Q 

= 3.96 x 10“ 19 - 3.04 x 10 -19 


= 9.2 x 10" 2 °y 


* 
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(iii) Stopping potential 


H = 


hf-W Q 

e 


9.2 x IQ' 20 
1.6 x 10" 19 


0.575/ 


WAVE - PARTICLE DUALITY llk e a wave, while 

Matter appears to hax'e a dual nature because in one instant it behaves ^ waV elength, 
in another it behaves like a stream of particle. According to De Brog ie, 

A, of a particle wave is given by; 


A 


h 

P 


or 


A 


_h_ 

mv 


Where h — Planck's constant = 6.63 x l0 _34 /s 
m — mass of wave particle ( kg ) 
v = velocity of wave particle (ttls -1 ) 

P = momentum of wave particle {kg ms t 2 

An electron of mass, m e ,with accelerating voltage, V , has a kinetic energy, 2 e 
momentum, P = m e v 

Therefore, eV =\m e v 2 

Combining this equation and De Broglie’s, the following equations can be derived 
I. eV = -m e v 

or 2eV — m e v 2 
2eV 

Rearranging, = m e v 

2eV , h 
Substitute m c v = into A - 

h 

X ~ 2eV 

V 




Substitute the above equation into ? - m t v 

P = m e v 

\leV 
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Substitute P = yj2eVm e into A = — 



yj2eVm e 

All symbols and constants maintain their usual meanings and values. 


Example 19 , 

Calculate the wavelength of an electron of mass 9.1 x 10 31 kg moving wiin a ve nci 
of 2.0 x 10 6 ms _1 . [plank's constant = 6.63 x 10~ 34 /s ] 

Solution _ 34 

Mass of electron m e = 9.1 x 10~ 31 kg-, v = 2.0 X 10 6 ms" 1 ; /t = 6.63x10 Js 

„ ~ ^ h 6.63 xlO' 34 

From De Broglie. 


2 = 


m,v 9.1 X 10~ 34 x 2.0 X 10 6 


= 3.64 x 10" 10 m 


Example 20 

If electrons are accelerated from rest through a potential difference of 10 KV; what is the 
wavelength of the associated electrons? 

A. 1.22 x 10' n m B. 3.87 x 10“ lo m C. 2.27 x 10 ll m D. 2.27 x 10 14 m 
[m e = 9.1 x 10 ~ 3l kg, e = 1.6 x 10" 19 C, h = 6.6 x 10' 34 y.s] JAMB 2008 4S 

Solution 

Accelerating potential difference V = 10 KV = 10000V = 1 x 10 4 K 
Mass of electron. m e = 9.1 x 10 _31 /cg wavelength, A =? 

Electronic charge, e = 1.6 x 10 -19 C 
Planck's constant, h = 6.6 X 1 0 _34 /s 


h 

J2eVm e 


6.6 x 10~ 34 

V2 x 1.6 x 10~ 19 x 1 x 10 4 x 9.1 x 10' 31 


1.22 x 10“ n m 


Example 21 

The mass and wavelength of a moving electron are 9.0 x 10~ 21 kg and 1.0 X 10 -lo m 
respectively. Calculate the kinetic energy of the electron, [/i = 6.6 x 10“ 34 /s] 


Solution 

m e = 9.0 x 10- n kg; A = 1.0 x 10- 10 m; h = 6.6 x lO" 34 /* 


WAEC 2001*® 


From, A = , velocity v = 

m e v 


h 

m e A 


Kinetic energy KE = jm e v 2 

Substitute v = — into KE = 

m e A 2 * 


KE = - x m e x 



2 
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KE = — = (6.6 x IQ -34 ) 2 

2m e A 2 2 x 9.0 x 10~ 31 x (1.0 x 10" 10 ) 2 


4.356 x 1 0~ 67 
1.8 x 10' 5u 
2.42 x 10 ' 17 J 


Example 22 

Calculate the minimum wavelength of X-rays when a voltage of 60 KV is applied to an X- 
ray tube, [e = 1.60 x 10 _1, C; It = 6.6 x 10' 34 /s; c = 3.0 x lO’ms' 1 ] 

NECO 2000‘ 1S 

Solution 

V = 60 KV = 6 x 10 4 P; e = 1.60 x 10' 19 C; 

h = 6.6 x 10“ 34 /s Velocity V = 3.0 x 10 & ms~ l 

hv 6.6 x 10 -34 x 3.0 x 10 s 

A = VT7 1.03 * 10" n m 

2eV 2 x 1.60 x 10' 19 x 6 x 10 4 


Heisenberg Uncertainty Principle 

According to Heisenberg, it is not possible to get an exact measurement of both the 
position and momentum of an atomic particle at the same time. If the electron position x 
is measured to a high degree of accuracy, then the simultaneous measurement of the 
momentum will be to a very low degree of accuracy. 

The Heisenberg uncertainty principle states that if Ax is the uncertainty in 
measuring x, and AP is the uncertainty in measuring P. then their product is equal to or 
greater than h, the Planck’s constant 

That is, Ax. A P ^ h 

h h 

Therefore, Ax > — or AP £ — 

AP Ax 

The uncertainty principle can be applied to the measurement of the energy E of an object 
at a particular time t. If the uncertainty in E is AE and the uncertainty in t is At, the 
principle is represented as follows 

AE.At ^ h or 
h . 

AE.At £ — 

2n 

In all the above equations, Ax.AP.AE and At are the uncertainties in the position, 
momentum, energy and time respectively. 

Remember that momentum, (P) = mass(m) x velocity (i?). 

Example 23 

If the uncertainty in the measurement of the position of a particle is 5 x 10 _1 °m, the 

uncertainty in the momentum of the particle is A. 1.32 x 10“ 44 A/s 

B 3.30 x 10 '“Ns C. 1.32 x 10‘ 24 yVs D. 3.30 x 10 “ 24 /Vs 

[h = 6.6 x 10~ 34 7 s] JAMB 2003 42 

Solution _ 1Q 

Uncertainty in position Ax = 5 x 10 m 

Planck’s constant h = 6.6 x 10 Js 
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From uncertainty principle Ax. AP ^ h 

h 6.6 x 10 34 . i(v 24 VVs 

Uncertainty in momentum, AP ^ ^ 5 x io~ in ” 1 A " 


Example 24 

The uncertainty in determining the duration during which an 
particular energy level before returning to the ground state is 2.0 
uncertainty in determining its energy at that level. 

[Take ^ = /i = 1.054 x l(T 34 ys] 

Solution 


electron remains in a 
x 10" 9 S- Calculate the 


WAEC 2006 £8 


Uncertainty in time, At = 2.0 x 10“ 9 s; 


— = 1.054 x 10' 34 y 
2n 


From uncertainty principle, 


AE.At £ — 
2n 


ir h 1 

Uncertainty in energy level, AE > — x — 


i nciA v in ' 34 


1 

X 2.0 x 10' 9 


2 5.27 x lO" 26 / 


Example 25 . 

The uncertainty in the velocity v of a moving electron of mass 10 ~*°kg is 3 x 10 ms 
Calculate the uncertainty of the simultaneous measurement of its position X. 

[h = 6.62 x 10" 34 ys] NECO 200S £1 ° 

Solution 

Mass of electron, m = 10 ~ 30 kg; Velocity of electron, v = 3 X K^ms” 1 

Uncertainty in momentum, AP = A(m x t;) 

Ax.AP > h 


h h 

Ax > — or Ax ^ — - 

AP A (m x v) 


Uncertainty in momentum. Ax > 


6.62 x 10~ 34 
10 _3 ° x 3 x 10 6 


Ax £ 2.21 x 10 -lo m 


EXERCISES 

1. An electron jumps from one energy level to another in atom radiating 4.5 x 
10 _19 joules. If Planck’s constant is 6.6x10 “ 34 /s, what is the wavelength of the 
radiation? [Take velocity of light = 3 x 10 8 77^s _1 ] WAEC 1989 S7 Ans: 4.4 x 10" 7 m 

2. An atom radiates 1.5 x 10 ~ 19 / of energy when an electron jumps from one energy 
level to another. What is the wavelength of the emitted radiation? 

[Plank's constant = 6.6 x 10 _34 /s; speed of light in air = 3 x 10 B ms~ l ] 

WAEC 1997 39 Ans: 1.32 x KTSi 

3. 


Fig 6.2 


1 

a 



— 

b 

r 

P 


ir, 

L_u 

L_vJ 

r 


O.OeV 

-2eV 

-S.7eV 

—12.0eV 


The diagram above illustrates the energy transition of five electrons of an atom. 

(i) Which of the transition will produce the emission of longest wavelength? 

(ii) Which of the transitions will produce emission of highest frequency? 

WAEC 199 9 42 43 Ans: (i) 1 (ii) V 
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4. In which of the following transitions is the largest quantum 
an hydrogen atom when the electron changes energy levels? 

[n is the quantum number] A. n = 2 to n = 1 

C. n = 2 to n = 3 D. n = 3 to n = 2 


of energy liberated by 


B n = Uon 
WAEC 2001 43 Ana A 

n y ]0 S //2 IS 

5. The energy associated with the photon of a radio transmission at ^ 

A. 1.30 x 10" 29 / B. 2.00 X 10" 29 y C. 1.30 x 10" 2 ®/ D. 2.00 X 10 , 

I/i = 6.63 x 10~ 34 /s] JAMB 2003 42 Ans: 1.32 x 10 

6. The energy associated with the emitted photon when a mercury atom c angc 
from one slate to another is 3.3eT. Calculate the frequency of the photon. 

A. 8.0x10 14 Hz B. 3.1 x 10 S2 Hz C. 1.3 x 10" ,s Hz D.3.2xlO' J W^ 

(e = 1.6 x 10" 19 C ; h = 6.6 x lO -34 /^] JAMB 2006® Ans: 8.0 X 10 HZ 

7. The energy £ of a photon and its wavelength are related by The 2 

numerical value of X is A. 6.60 x 10" 26 B 1.99 X 10" 2S C. 1.99 X 10 


-27 


D. 6.60 x 10" 28 




[/i = 6.63 x 10' 34 ;<?; C- 3 x 10 8 ms" , 

JAMB 2007 26 Ans: 1.99 x 1(T 

8. An electron makes a transition from -\.60eV energy level to -\0AeV energy level. 

Calculate the energy loss due to transition. NECO 2004 s6 Ans: Q.QbV 

9. An electron of charge 1.6 x 10~ 19 C is accelerated in vacuum from rest at zero 
volt towards a plate of 40 KV. Calculate the kinetic energy of the electron. 

WAEC 1988 s ® Ans. 6.4 x 10" 1S / 

10. An electron of charge 1.6 x 10" 19 C is accelerated in vacuum from rest at zero volt 
towards a plate of 40 KV. Calculate the kinetic energy of the electron. 

WAEC 1991 s7 Ans: 6.4 x 10" 1S / 

11. An electron is accelerated from rest through a potential difference of 10K V in a 
vacuum. Calculate the maximum speed acquired by the electron, [electronic charge = 
— 1.6 x 10“ 19 C; mass of an electron = 9.1 x 10 ~ 31 kg] 

WAEC 1998 s3 Ans: 1.57 x 

10 8 ms _1 


12. A metal is illustrated with a radiation of energy 6 88e^. If the kinetic energy of 
the emitted electrons is 1 .50^, calculate the work function of the metal. 

WAEC 199 0 56 Ans:5.3eK 

13. A metal has a work function of 4.375el/. Calculate its threshold frequency. 

[/t = 6.6 x 10" 34 /s. leV = 1.6 x 10" 19 /] WAEC 1999 4S Ans: 1.06 x 10 15 Hz 

14. If light with photon energy 2eV is incident suitably on the surface of a metal with 
work function 3eV, then 

A. No electron will be emitted 

B. The few electrons emitted will have a maximum kinetic energy of leV 

C. The few electrons emitted will have a maximum kinetic energy of 3eV. 

D. Many electrons will be emitted /AMfl 1994 50 Ans: A 

1 5. A light of energy SeV falls on a metal and the electrons with a maximum kinetic 
energy of 2eV are ejected. The work function of the metal is 

A. OAeV B. 2.SeV C. l.OeV D. 7.0eV JAMB 1995 so Ans 3 OeV' 

16. The work function of a metal is 2.7*1'. Which of the following pairs correspond to 
the threshold frequency and wavelength of the metal respectively 9 f/t = 6 6 x 10' 34 /* 

c = 3.0 x 10® ms -1 , leV = 1.6 x 10 " 19 y ] J5 ‘ 

A. 4.6 x 10" 26 Hz,6.5 x 10 34 m 
B 4.6 x 10" 7 Hz, 6.5 x 10 l4 m 

C. 6.5 x 10 l4 Hz,4.6 x 10" 7 m 

D. 6.5 x 10 l4 Hz,4.6 x 10 7 m 

E. 6.5 x 10 34 Hz,4.6 x 10" 26 m HECO 2006 ss Ans C 

17. A light of wavelength 5.0 x 10 m is incident on a metal resulting in 

photocmission of electrons. II the work function of the metal is 3.04 x 10" ,9 y Calculat ■ 
the ’ C 

(i) frequency of the light 
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(ii) energy of the incident photon 

(iii) maximum kinetic energy of the photoelectrons 34 

[speed of light = 3.00 x 10 8 ms -1 ; Planck's constant = 6.6 x 10 Js] 

WAEC 1998 £4 Ans: 0)6.0 x 10 14 Hz (ii) 3.96 x 10“ 19 / (iii) 9.2 x 10 / 

18. Light of energy 5eV falls on a metal of work function 3eV and electrons are 

liberated. The stopping potential is A. 15. 0V B. 8.01/ C. 2.01/ D. 1.7V 

JAMB 2000 41 Ans: 2.0^ 

19. Light of energy 5.0eV falls on a metal of work function 3.0eV and e ^5 1 ^ S ^ 
emitted, determine the stopping potential. [Electronic charge, e = 1.60 X 1 J 

WAEC 2 0 0 5 48 Ans: 2.0P t 

20. An electron of mass 9.1 x 10~ 31 kg moves with a velocity of 4.2 x 10 ms 
between the cathode and anode of an x - ray tube. Calculate the wavelength. 

[Take Planck's constant h = 6.6 x 10 -34 /s] WAEC 2000 E1 ° Ans: 1.73 x 10 m 

21. A photon of wavelength 6.0 x 10 -7 m behaves like a particle of a certain mass. 


The value of that mass is 

A. 1.1 x 10 ~ 3S kg B. 3.5 x 10~ 3b kg C. 2.2 x 10~ 27 kg D. 2.2 x 10 kg 
[h = 6.63 x 10 -34 /s, c = 3 x 10 8 ms -1 ] JAMB 2007 24 Ans: 3.5 x I0' 36 k^ 

22. If Ax is the uncertainty in the measurement of the position along the x-axis and 
AP X is the uncertainty in the measurement of the linear momentum along the x-axis then 
the uncertainty principle relation is given as 

A. AP x Ax >h B. AP x Ax = h C. AP x Ax = 2n D. AP x Ax = 2n/h E. AP x Ax = 1 

NECO 2007 60 Ans: A 

23. What is the uncertainty in the measurement of time, if the uncertainty in 
measuring the energy of an electron of mass 10~ 30 kg is 2.45 x 10 -19 /? 

[h = 6.6 x 10 -34 /] NECO 2004 60 Ans: 2.69 x 10 ' 15 s 

24. The uncertainty in the energy of a particle is 1.0 x 10 -1 °/ determines its 
uncertainty in the time measurement. [Planck's constant = 6.63 x 10 -24 s] 


NECO 2 0 0 8 60 Ans: 6.63 X 10“ 24 s 


The table below shows the energy distribution for various levels of an atom. Use it 
to answers question 25 and 26. 


Energy level (n) 

1 

2 

3 

4 

Energy (eV) 

-13.6 

-3.39 

-1.51 

-0.85 


[h = 6.6 x 10“ 3 Vs; e = 1.6 x 10 -19 C; c = 3.0 x 10 8 ms -1 ] 

25. Calculate the first excitation energy of the atom. 

WAEC 2009 46 Ans:1.60 X lO” 18 

26. If the atom de-excites from n = 2, what is the wavelength of the emitted radiation? 

WAEC 2009 47 Ans:1.2 x 10- 7 m 

27. An electron of mass 9.1 x 10" 31 kg moves with a speed of 10 7 ms Calculate the 
wavelength of the associated wave, [/i = 6.6 X 10 _34 Js] 

WAEC 2009 50 Ans:7.25 X 10 _11 m 

28. An electron jumps from one energy level of -1 .6 eV to one of -10.4 e Tin an atom 
Calculate the energy and wavelength of the emitted radiation. 

[h = 6.6 x 10" 34 Js; eV = 1.6 x lO” 19 ]; c = 3.0 x lO^s" 1 ] 

WAEC 2009 ei5 Ans: AE = 8.8 eV or 1.41 x 10“ 8 J, A = 1.4 x 10~ 7 m 

29. The work function of a metal is 1.06 x 10" 18 ). What is the threshold wavelength 
of the metal? [Planck’s constant h = 6.6 x 10 _18 J, c = 3.0 x 10ms -1 ] 

NECO 2009 56 Ans: 1.9 x 10 -7 m 

30. An electron makes a transition from an energy level of -l.SleV to that of 
— 13.6^ in an atom. Calculate the 

(i) loss of energy due to the transition in joules, 

(ii) frequency of the emitted radiation. 

[leV = 1.6 x 10 -l9 J ( h = 6.6 x 10 -34 Js] 

NECO 2009 t15 Ans: (i) 1.93 x 10 -18 J (ii) 2.92 x 10 ls Hz 
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There is no democracy in 
physics. We can 't say that 
some second-rate guy has as 
much right to an opinion as 
Fermi. 

Luis Alvarez (1911 - 1988) 

U.S. physicist. 

Referring to Enrico Fermi, who achieved the first 
controlled nuclear reaction. 
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7 


RADIOACTIVITY ANI) 
NIUT.KAR REACTION 


R Amo ve TIM 1Y . Wi 

K.idioactt\ its is defined as the s|HMitaneons disintegration of an unstable 
with the emission ot' u, or y — rui/m/ionx ami release ot energy. I vtl > n 

element has its unique decay eonstant and hall' life. 

Hie disintegration ot decay of radioactive element or atom is a nituom P nKC 
that is totally independent of ehenueal combination. teinpcratutv aiul pressure . t incurs 
when an unstable uueleus usually \\ ith atonue number greater than So undetgots natura 
decay in a but to achie\e a stable condition. 

fig 7.1 shows a typical decay ciinc for a disintegrating radioactive atom obtainev 
plotting the number ot' atoms piesent against half-life. If the initial number ol atom is i 
at time 1\ and falls to at tune 7\. then the halt-life ( /') is given by; T = A - T x In uu. 
same manner, the half-life is also given by; T = 1\ - 7j, if the number ot atom reduces 



Kill 7.1 Half life and Decay 

• 

Half Life: Equations of Radioactive Disintegration 

I he half life of a nulioactive clement is the time taken for hit If the <ttoms of the element to 
decay. Half life could also be defined as the time taken for a given mass of radioactive 
substance to disintegrate to half its inithil nitiss 

Assume that a radioactive element with half life of 5seeonds contains W2 atoms 
initially. 

A Her the first ^seconds (I half-lie). % atoms would have decayed and % atoms 
will be left. 

Alter 10 seconds (2 half-lives), 144 atoms would have decayed and 48 atoms w ill 

remain. 

Alter 15 seconds (.1 half-lives), IhK atoms would have decayed and 24 atoms will 

remain. 

Alter 20 seconds (4 half-lives). ISO atoms would have disintegrated and 12 atoms 
will be lelt. 

Alter 25 seconds (5 hall lives). 18(» atoms would have disintegrated and 6 atoms 
will remain. 
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The following new equations can be used in calculations involving half-life It is 
undamentally different from the conventional method you are familiar with. 


1. Half life, 


T 


C 

i°g 2 R 


t x log2 
logR 

/ u t\ 

^Where R = 2 n = — and n - ~J 


2. Number of atoms decayed, N d = N x - N 2 

(R- 1\ 

-*(— ) 

= N 2 {R - 1) 

kl 

3. Fraction remaining undecayed, f r = ^ = 


1 

R 


7.1 


7.2 


7.3 


4. Fraction of atoms decayed, 


_ N d = R - 1 
/d A/, fl 


7.4 


Where 

T = half life of radioactive element 
t = time taken for radioactive element to decay 
n = number of half lives 

= initial mass or initial number of atoms present/ initial count rate 
N 2 = Final mass or final number of atom remaining undecayed/final count rate 
N d = number of atom or mass of atom that has decayed or disintegrated. 

= disintegrating ratio 

f r = fraction of initial number of atoms remaining undecayed. 
f d = fraction of initial number of atoms that has decayed 


Though (he term f “ disintegrating ratio ” is a newly coined expression , it is NOT a new 
or additional concept in physics. It does not contradict any term or concept in 
radioactivity . It is simply a coined name for an established relationship = 2") and 

its modification , R = ~ = 2" and simplified application in solving radioactive decay 
problems. 

For purpose of identification and reference, equation 7.1 should henceforth be 
called, Zhepwo radioactive equation. Other derived equations (equations 7.2, 7.3 & 7.4) 
should be referred to as Zhepwo derivative(s), so as to differentiate between the two 
groups of equations. 

Details of how these equations are derived; their relationship with the decay 
constant and decay curve, and proof of their applicability to WAliC, JAMB and NFCO 
questions and examples and exercises from fifteen physics textbooks arc contained in a 
ground-breaking book by Solomon Dauda Yak wo: Can These New Equations 
Significantly Simplify Half-Life Calculation? { ISBN ( )7S-‘rX-4 ( )0,S 1 -5-3) 

A good knowledge of the theory of logarithm is necessary for using some of the above 
equations nevertheless, like the multiplication table, it k advisable to comnm th 
following to memory. 
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,f R = 2 n Then 

"If 2 = 2 1 Then 

4 = 2 2 
8 = 2 3 
16 = 2 4 
32 = 2 s 
64 = 2 6 
128 =2 7 
256 = 2 8 
512 = 2 9 
1024 = 2 10 


Example 1 

In 24 days, a radioactive isotope 
decrease in mass from 64 g to 2 g. What 
is the half life of the radioactive 
material? WAEC 1994 58 


log 2 R = n 

log 2 2 = 1 
log 2 4 = 2 
log 2 8 = 3 
log 2 16 = 4 
log 2 32 = 5 
log 2 64 = 6 
log 2 128 = 7 
log 2 256 = 8 
log 2 512 = 9 
log 2 1024 = 10 


Example 1 . 

In 24 days, a radioactive isotope 
decrease in mass from 64 g to 2 Q- Wlial 
is the half life of the radioactive 
material? WAEC 1994 58 


Solution: Conventional method 
64g — > 32g = 1 half-life 

32g -4 16g = 2 half-life 

16 — > 8g =3 half-life 

8g —+ 4g =4 half-life 

4g — > 2g =5 half-life 

If 5 half-life is equal to 24 days 

Then 1 half-life will be T 

7x5 half-life =1 half-life x 24 


Solution: Zhepwo method 

Decay time, t =24 days; Half-life, T = ? 

initial mass, N x = 64^; 

Final mass remaining, N 2 = 2 g 


R 


Ni 

n 2 



t 24 

log 2 R log 2 32 


24 

— = 4.8 days 


days 


1 half life x 24 days 

T = FTTlTTr “ = 48 da y s 

5 half life 


Example 2 

The half life of a radioactive material is 6 
hours. What quantity of 1 kg of the material 
would decay in 24 hours? WAEC 1997 52 
Solution: Conventional method 
After 6hrs, | kg decays, ~ kg remains 

After 6hrs, ^of^ kg decays, ^ kg remains 

After 6hrs, l of- kg decays, ^ kg remains 

After 6hrs, ^ of^ kg decays, ~ kg remains 

Therefore, the material decayed would be: 


Example 2 

The half life of a radioactive material is 6 
hours. What quantity of 1 kg of the material 
would decay in 24 hours? WAEC 1997 s2 
Solution: Zhepwo method 
Half life 7 = 6 h; initial mass N x = lkg, 
mass of material decayed, iV d = ? 



R = 2 n = 2 4 = 16 
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lkg - — kg =— kg 
° 16 ^ 16 ° 



Example 3 

A radioactive sample initially contains 
N atoms. After three half-lives the 
number of atoms that have disintegrated 
is A± C.2 D.^ 

JAMB 1985 so 
Solution: Conventional method 
After 1 half-life, — decay, j- remain 

After 2 half-life, ^ of j decay, ^ remain 

After 3 half-life, ^ of^ decay, j remain 


Example 3 

A radioactive sample initially contains 
N atoms. After three half-lives the 
number of atoms that have disintegrated 
is 


A.— 




C* 

8 




JAMB 1985 


50 


Solution: Zhepwo method 
Initial number of atoms Ni = N; 
number of half lives , n = 3; 
Numbers of atoms decayed, N d =? 

R = 2 n = 2 3 = 8 


Number of atom disintegrated = sum of 
disintegrated atoms or fractions 



N N N IN 



Example 4 

After three half -lives, the fraction of a 
radioactive material that has decayed is 



Example 4 

After three half -lives, the fraction of a 
radioactive material that has decayed is 


A i B - 3 


c-1 


D. 7 - 
8 


JAMB 1992 49 


/AMB 1992 49 


Solution: Conventional method 

1 half-life => j decays, j remains 

2 half-life => j decays, ^ remains 

3 half-life => j decays, - remains 

Fraction decayed = original fraction - 
remaining fraction 

1 7 

= 1 8 - 8 

Note that original fraction is 1 or -j- 


Solution: Zhepwo method 
Number of half-lives, n = 3; 

fraction decayed f d =? 

Disintegrating ratio, R = 2 n = 2 3 = 8 
_ fl-1 8-1 7 

fd R 8 ~ 8 


Example 5 

The half - life of a radioactive element is 
24 hours, calculate the fraction of the 
original element that would have 
disfntegrated in 96 hours./VECO 2006 s8 


Example 5 

The half - life of a radioactive element is 
24 hours, calculate the fraction of the 
original element that would have 
disintegrated in 96 hours NECO 2006 s8 
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Solution: Conventional method 

After 24hrs, — disintegrate, j remain 

After another 24hrs, j decay, remain 

After a further 24hrs, j decay, 7 remain 

After another 24hrs, — decay, — remain 

Fraction disintegrated = sum of decayed 
fractions 

1111 15 

- 2 + 4 + 8 + 16“ 16 


Solution: Zhepwo method ^ 

Half life, T = 24/z; decay time,t - Vb/i, 


fraction disintegrated, 
t 

T = — /. n = 
n 


fd=? 
t 96 h 
T ~ 24/i 


4 


= 2 " = 2 4 = 16 
/?- 1 16 - 1 _ 
fd - —ji 16 16 


Example 6 

A radioactive isotope has a half life of 8 
days. What fraction of the atoms will 
remain after 72 days? NECO 2004 s9 
Solution: Conventional method 
Let n be the original number of nuclei. 
After 8 days, j disintegrate, j remain 

After 8days, ^of j decay, ^ remain 

After 8 days, ~ of ^ decay, ^ remain 

After 8days, "Of “ decay, remain 

After 8days, j of ^ decay, ~ remain 

After 8days, j of decay, remain 

After 8 days, j of decay, j— remain 


Example 6 

A radioactive isotope has a half life ot o 
days. What fraction of the atoms will 
remain after 72 days? NECO 2004 
Solution: Zhepwo method 
half-life, T = 8days; 
decay time, t = 72 days; 
fraction remaining f T =? 



R = 2 n = 2 9 = 512 


Fraction remaining, / r 


1 - 1 
~~ 5l2 


= 1.953 x nr 3 


After 8days, j of decay, ^ remain 
After 8days, i of decay, ^7 remain 


After 72 days, fraction of atoms that 
will remain is -7- or 1.953 x 10" 3 


Example 7 

A radioactive substance has a half life of 
20 hours. What fraction of the original 
radioactive nuclei will remain after 80 
hours? WAEC 1990 s5 
Solution: Conventional method 
Let n be the original number of nuclei. 

After 20 hours, ^ disintegrates and ^ 
remains. 

After a further 20 hours, ‘/ 2 of • 


Example 7 

A radioactive substance has a half life of 
20 hours. What fraction of the original 
radioactive nuclei will remain after 80 
hours? WAEC 1990 55 

Solution: Zhepwo method 
Half life, T = 20/irs; 

decay time, t = 80hrs 

Number of half lives, n = — = 2^ — 4 
T 20“ 4 
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disintegrates and - remains. 

After another 20 hours, Vi of ^ 
disintegrates and ^ remains. 

After another 20 hours. Vi of - 
8 

disintegrates and remains. 

Therefore, after 80 hours, fraction of the 
original number remaining would be — 


Disintegrating ratio,/? = 2 n = 2 4 = 16 

Fraction remaining, f r = - = — 

R 16 

Alternative direct method 
T = 20; t = 80 

Fraction remaining,/,. = ^ = jJyjj 

_ J_ _J_ 

~ 2 * ~ 16 


Example 8 

Two radioactive elements A and B has half-lives of 100 and 50 years respectively. 
Samples of A and B initially contain equal number of atoms. What is the ratio of 
remaining atoms of A to that of B after 200 years? WAEC 1988 60 
Solution: Conventional method 
Let n be the original number of nuclei 
Sample A: half-life = lOOyrs 
After 1 00 years, - disintegrates and j remains. 

After another 100 years, ^ disintegrates and ^ remains. 

Therefore, after 200 years, fraction of the original number remaining would be ^ 


Sample B: half-life = 50yrs 
After 50yrs, j disintegrate, j remain 
After 50yrs, j decay, ^ remain 
After 50yrs, decay, ^ remain 
After 50yrs, decay, remain 
After 200yrs, fraction of atoms that will remain is ^ 

Ratio of A: B = -7 (multiply both sides by 16) 

4 16 

Ratio of A: B = 16 Q) : 16(^) = 4: 1 


Example 8 

Two radioactive elements A and B has half-lives of 100 and 50 years respectively. 
Samples of A and B initially contain equal number of atoms. What is the ratio of 
remaining atoms of A to that of B after 200 years? WAEC 1988“ 

Solution: Zhepwo method 


Half lifeT 
Decay time, t 

_ t 

Number of half lives n — r 
Disintegrating ratio R = 2 n 


A 

B 

100 

50 

200 

200 

2 

4 

4 

16 
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1 

4 


16 


Atoms remaining N 2 = — 

(initial no of atoms /V, = i) 
Multiply by 16 
Ratio of A to B 


16 x ^ 


1 


Example 9 

A radioactive substance has a half life of 
80 days. If the initial number of atoms in 
the sample is 6.00 x 10 l °, how many 
atoms would remain at the end of 320 
days? A. 3.75 x 10 9 B. 7.50 x 10 9 
C. 3.00 x 10 10 D. 5.63 x 10 10 
JAMB 1998 48 

Solution: Conventional method 

After 80 days, ^ (6 x 10 10 atoms) decay, 
3 x 10 10 atoms remain 

After 80 days, ^ (3 x 10 10 atoms) decay, 
1.5 x 10 10 atoms remain 

After 80 days, ^ (1.5 x 10 10 atoms) 
decay, 7.5 x 10 9 atoms remain 

After 80 days, ~ (7.5 x 10 9 atoms) 
decay, 3.75 x 10 9 atoms remain 

.*• after a total of (80 + 80 + 80 + 80) 

Or 320 days 3.75 x 10 9 atoms remain. 


Example 10 

The percentage of the original nuclei of a 
sample of a radioactive substance left 
after 5 half lives is A. 1% B. 8% 

C. 5% D.3% JAMB 2002 45 

Solution: Conventional method 

Percentage of original left 
_ amount left (fraction remaining) ^ 1Q() 
original amount 


A radioactive substance has a half life of 
80 days. If the initial number of atoms in 

the sample is 6.00 x 10 10 . how many 
atoms would remain at the end of 
days? A. 3.75 x 1 O’ B. 7.50 x 10 
C 3.00 x 10 10 D. 5.63 x 10 

JAMB 1998 48 

7k.. n ii/A mpfhnd 


Half life 7 = 80 days; 

initial no. of atoms N x = 6.00 X 10 

decay time, t = 320 days; 

Final number of atoms remaining 7V 2 



Disintegrating ratio. 



320 
80 
R = 

Ni 

R 


4 


2 n = 2 4 = 16 
6.00 x 10 10 
16 


= 3.75 x 10 9 atoms 
Alternative direct method 
T = 80; t = 320; N x = 6.00 x 10 10 
Ni 


N 7 = 


2 t /r 


6.00 x 10 10 6.00 x 10 10 

2320/80 ^4 


6.00 x 10 lfl 
16 


= 3.75 x 10 9 atoms 


Example 10 

The percentage of the original nuclei of a 
sample of a radioactive substance left 
after 5 half lives is A. 1% B. 8% 

C. 5% D. 3% JAMB 2002 45 

Solution: Zhepwo method 

Percentage of original left 

amount left (fraction remaining) 

— — ; x 100 

original amount 

Number of half lives, n = 5 
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1 half-life => - decays, \ remains 

2 half-life =* ^ decays, ^ remains 

3 half-life => - decays, - remains 

4 half-life ==> ~ decays, — remains 

*6 16 

5 half-life => — decays, ^ remains 
' after 5 half-lives, — of the original 


nuclei is left. Note that initial fraction 


present is 1 or - 
r i 


Percentage of original left 
1/32 


x 100 


= — x 100 = 3.125 = 3% 


Example 11 

A radioactive substance of mass 768$ has 
a half life of 3years. After how many 
years does this substance leave only 6 g 
undecayed? WAEC 2006 48 

Solution: Conventional method 


After 3 years, 

76 2 8S = 38, 8 

After 3 years, 


After 3 years, 

192g OA 

I" = 96g 

After 3 years. 

96g 

^ = 48g 

After 3 years, 

^ g = 24g 

After 3 years, 

f=12g 

After 3 years, 

12g A„ 

— = 6g 

Thus making a total of 


( 3 +3+3+3+3+3+3)yrs or 21yrs 


Example 12 

An element whose half-life is 10 days is 
of mass 12 g. Calculate the time during 
which 1 1 25g of the element would have 


Original amount or fraction N t = 1 
Disintegrating ratio,/? = 2 n = 2 s = 32 

Fraction remaining,/,. = \ 

n 


percentage left = ~ x 100 

= ^£x 100 .ixl00 

- 3.125 ^ 3% 


Example 11 

A radioactive substance of mass 76Sg has 
a half life of 3 years. After how many 
years does this substance leave only 6 g 
undecayed? WAEC 2006 48 

Solution: Zhepwo method 

Half life T = 3years; 
initial mass present, N 1 = 768^; 
final mass remaining, N 2 =6 g\ 
decay time, t =? 

r. . • Ni 768 

Disintegrating ratio, R = — 

N 2 6 

= 128 

t = 1^r ■■ t = Tx l °9 2 R 
t = 3 x fo0 2 128 = 3x7 = 21 years 


Example 12 

An element whose half-life is 10 days is 
of mass 12,g. Calculate the time during 
which 1 1.250 of the element would have 
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decayed? NECO 2005 57 

Solution: Conventional method 

10 days => 6 g decay, 6 g remain 
10 days =* 3g decay, 3g remain 
10 days => 1.5g decay, 1 5g remain 
10 days =* 0.75g decay, 0.75g remain 
.*. after 40 days, (6 + 3 + 1 .5 + 0.75)g or 
1 1 .25g would have decayed 


decayed? 

Solution: Zhepwo 


NE CO 2005 s7 

method 


lalf life T = 10 d * y * ; 


11.255 


N d =Ni~ N f 

final mass remaining, N 2 

Nl = 12 -11-25 = 0.755 


R 


^ = ii=16 

Ni 0.75 


Nx~Nt 


x „ j t = 7" log, R 

log 2 R 

... t = 10 x log 2 16 


= 10 x 4 = 40 days 


^radioactive clement decrease in mass from IOO 5 «o .55 m 6 days. Wha, is the half life 
of the radioactive material? 

Solution _ 1 r„. 

Initial mass present, /V, = IOO 5 ; final mass remaining, * 2 » 

Decay time, t = 6 days 

N x 100 

Disintegrating ratio, R = — = -yg" 


• = 6.667 


Half life, 


T = 


t _ 6 days 
log 2 R log 2 6 667 


While 4, 8, 16, 32 can easily be expressed as 2*. 2 8 , 2 \ 2 s respectively, it is very clear 
that expressing 6.667 as 7, raised to the power of a given number will be a very, very 
difficult task. So, when you encounter such a situation, you are advised to use the variant 
of the Zhepwo radioactive equation, equation 7.1 on page 1 1 8 


t x log 2 6 days x log 2 
logR log6.667 


6 days x 0.30103 
0.824 


= 2.2 days 


log 2 and log 6.667 can be obtained or solved directly from your scientific calculator 


Example 14 

The time it will take a certain radioactive 
material with a half-life of 50 days to 
reduce to 1/32 of its original number is 
A. 300 days B. 150 days C. 200 days 
D. 250 days JAMB 2005 9 

Solution: Conventional method 

1 half-life, 50 days => reduces to - 

2 

2 half-life, 100 days =* reduces to - 

4 

3 half-life, 1 50 days => reduces to - 

8 


Example 14 

The time it will take a certain radioactive 
material with a half-life of 50 days to 
reduce to 1/32 of its original number is 
A. 300 days B. 150 days C. 200 days 
D, 250 days JAMB 2005 9 

Solution: Zhepwo method 

Half life T = 50 days; decay time t =? 

fraction remaining f r = — ; 
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4 half-life, 200 days =* reduces to — 

16 

5 half-life, 250 days =* reduces to ~ 
time taken to reduce to ^ of original 

number is 250 days 


Rearranging, 

t 


log 2 R 


R = 32 

t = 7* x log 2 R 

t = 50 x log 2 32 
= 50 x 5 = 250 days 


Example 15 

A radioactive substance has a half-life of 
3 minutes. After 9 minutes, the count rate 
was observed to be 200, what was the 
count rate at zero time? NECO 2000 58 

Solution: Conventional method 

Note that count rate at zero time is the 
same as initial count rate. 

9 min => count rate 200 
6 min => count rate (200 X 2) = 400 
3 min => count rate (400 x 2) = 800 
0 min => count rate (800 X 2) = 1600 
count rate at zero time is 1 600 


Example 15 

A radioactive substance has a half-life of 
3 minutes. After 9 minutes, the count rate 
was observed to be 200, what was the 
count rate at zero time? NECO 2000 
Solution: Zhepwo method 

Final count rate N 2 = 200; 

half life T = 3min; decay time t = 9 min 

Initial count rate N x =? 

Note that count rate at zero time is the 
same as initial count rate 


Disintegrating ratio R — 2 n = 2 3 = 8 
Ni 

R = N x = N 2 x R 

*2 

N t = 200 x 8 = 1600 


Example 16 

The count rate of a radioactive material is 
800 count/min. If the half life of the 
material is 4 days, what would the count 
rate be 16 days later? A. 200 count/min 
B. 100 count/min C. 50 count/min 
D. 25 count/min JAMB 2003 40 
Solution: Conventional method 


Example 16 

The count rate of a radioactive material is 
800 count/min. If the half life of the 
material is 4 days, what would the count 
rate be 16 days later? A. 200 count/min 
B. 100 count/min C. 50 count/min 
D. 25 count/min JAMB 2003 40 
Solution: Zhepwo method 


Initial count rate = 800 count/min, 
half-life = 4 days 

after 4days => ^800) = 400 count/min 
after 8 days =*■ “(400) = 200 count/min 
after 12days => ^(200) = 100 count/min 
after 4days =* ^(100) = 50 count/min 
the count rate 1 6 days later is 50 
count/min 


Initial count rate, = 800; 
Half life, T = 4 days; 

Final count rate N 2 *? 
decay time, t = 16 days 



n 


16 

4 


= 4 


Disintegrating ratio. 



R = 2 n = 2 4 = 

Nt 800 

R * 16 


16 


= 50 count/min 

AUemmtiveiy, 

JV, 800 800 800 

2 ~ 2 t/r = 2“' 4 “ 2 4 = 16 * 

= SOcount/min 
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Example 17 

The half life of a radioactive source is 1 
minute. If a rate meter connected to the 
source registers 200^ at a g.ven time, 
what would be its reading after 3 
minutes? VIM EC 1998 57 

Solution: Conventional method 

A rate meter measures the count rate of 
radioactive substance. 

Half-life = lmin 

After 1 min, rate meter reads - (200 p) = 
lOOp 

After 2 min, rate meter reads - (100 p) = 
50p 

After 3 min, rate meter reads -7 (SO p) = 
25p 

rate meter reading after 3min is 25 p 


Example 18 

In 90 seconds, the mass of a radioactive 
element reduces to — of its original 
values. Determine the half-life of the 
element. W AEC 1998 s3 

Solution: Conventional method 

Let n be the original mass of radioactive 
element 

After 1 half-life element reduces to - 

After 2 half-life element reduces to ^ 

After 3 half-life element reduces to ^ 

After 4 half-life element reduces to ^ 

After 5 half-life element reduces to ^ 

If 5 half-life takes 90 sec 

Then 1 half-life takes T 

1 halflife x 90 sec 90sec 

Hence T = Th^iflife " 5 

= 18sec 


what would be its reading * j998 57 

minutes? 

Solution: Zhepwo method 
A rate meter measures the count rate of 
radioactive substance. 

Half life T = lmin; decay timet = 3 min 
initial count rate N x — 200/iA, 
final count rate N 2 

t _£_!= 3 

T ~n " ” T 1 

Disintegrating ratio, R = 2" = 2 =8 

km h - N = Wi = 200^4 = 25 hA 

R ~N 2 • Nl R 8 

Alternative Zhepwo method 


N- 


N 1 200 200 pA _ 200 pA 


2 2 f/r 2 3/1 
= 25/l4 


Example 18 

In 90 seconds, the mass of a radioactive 
element reduces to ^ of its original 
values. Determine the half-life of the 
element. WAEC 1998 53 

Solution: Zhepwo method 

Decay time t — 90s; 

fraction of initial mass remaining, f r = — 

/=! .2..I 

ir R 32 ~R 

Rearranging, disintegrating ratio, R = 32 

Half life, T = — — = 90 _ 

>og 2 R log 2 32 5 

= 18s 


. half-life = 1 8 sec 
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Example 19 

A radioactive substance has a half-life of 
3 days. If a mass of 1 .55.0 of this 
substance is left after decaying for 1 5 
days, determine the original value of the 
mass. WAEC 2004 49 

Solution: Conventional method 

Half-life = 3 days 

15 days = ^ or 5 half-life, l.55g remain 
12 days = y or 4 half-life, 2 x 1.55g = 
3.1g remain 

9 days = | or 3 half-life, 2 x 3.1g = 
6.2g remain 

6 days = | or 2 half-life, 2 x 6.2g = 
12.4g remain 

3 days = j or 1 half-life, 2 x 12.4g = 
24.8g remain 

0 day = ^ or 0 half-life, 2 x 24.8g = 
49.6g remain 

• original value of the mass = 49. 6g 


Example 20 

In 90 seconds, the mass of a radioactive 
element reduces to 1/16 of its original 
value. Determine the half-life of the 
element. NECO 2003 56 

Solution: Conventional method 

Let n be the original mass of radioactive 
element 

After 1 half-life element reduces to ^ 

After 2 half-life element reduces to ^ 

After 3 half-life element reduces to - 

8 

After 4 half-life element reduces to — 

16 

If 4 half-life takes 90 sec 


Then 1 half-life takes T 

1 halflife x 90 sec 


Hence T = ■ 


4 halflife 


90sec 

4 


22.5sec 


*3lcl!v. sublime* has * half-Hfc of 

3 days. Ifa mass of 155^ of this 

substance is left after decaying for 15 
days, determine the original value of the 
mis. WAEC 2004 49 

Solution: Zhepwo method 

Half life, T = 3days; 

decay time t = 15 days; 

final mass remaining, N 2 = 1-555 

t t 15 

T = - n=- = ^- = 5 

n T J 

Disintegrating ratio, R = 2" = 2 s = 32 

N t = RN 2 

■ original mass, = 32 x 1.55 


R n 2 


Alternative Zhepwo method 
/Vj = 2 t/T x N 2 = 2 iS/3 x 1.55 

= 2 s x 1.55 = 32 x 1.55 
= 49.65 


Example 20 

In 90 seconds, the mass of a radioactive 
element reduces to 1/16 of its original 
value. Determine the half-life of the 
element. NECO 2003 56 

Solution: Zhepwo method 

Decay time t = 90s; 

ftaction of mass remaining f r = — 

f =— ■ _L_i 

>T R 16 ~R 

Rearranging, disintegrating ratio, R = 32 

Ha!flife,r = -L_ = -i2_ = 22 
logz R log 2 16 4 

= 22.5s 
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*’• half-life = 22.5scc 


Decay Constant ins tantaneous rate of decay un “ aK)m 

The decay constant of a radioactive atom is tn c ^ 

of the radioactive element. disintegrating P« sccond ’ « ‘ “ 

For a radioactive atom, the number ot . a t that instant 

directly proportional to the number, N, of atoms presen 


_ . dN 

That is, — = -AN 
at 


7 5 


. called the decay constant. The 

Where, A is a constant peculiar to the radioactive a^'* ■ creases> 
negative sign shows that N becomes smaller as time, c , in 


' sign s 

Rearranging 7.5, we obtain decay constant; 


X = 


1 /CLN\ 

~ ~N\di) 

number of disintegrating atoms per second 


7 6 


7.7 


number of atoms present at that instant 

By integrating equation 7.5, the following is obtained 

N = N 0 e~ u ; 

Where N a = number of atoms present at time t = 0 , - 

The value of half-life T t can be derived considering that, at half-life the number of 
decaying atoms is half its initial value. 


That is, N = - 


No 


and t = T 


eqn 7.7 , N = N 0 e ** becomes 




Dividing both side by N 0 we obtain; 



Taking logarithm of both side to base e we have; 

2 = lo 8e e_it 

Applying subtraction law and power law in the theory of logarithm, *e get 

log, 1- log, 2 = -AT log, e 

Remembering that log, 1 = 0 and log, e = 1, the equation becomes 

-log, 2 = - AT 


In 2 = AT 
0.693 = AT 

••• Decay constant, A = — — - 
T 

or Half — life, T = 2^21 
A 


7.8 
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Decay constant is measured in per second, s -1 while half-life is measured in second, 5 
The value of In 2 can be obtained from your scientific calculator. Don t bother yoursel 
with the process of deriving the decay constant. Equation 7.8 and equation 7_5 arc all 

you need, so commit them to memory. X = and ^ = —XN 


Example 21 

A piece of radioactive material contains 10 2 °atoms. If the half-life of the material is 

seconds, the number of disintegrations in the first second is 

A. 3.47 x 10 18 B. 6.93 x 10 2 ° C. 3.47 x 10 2 ° D. 6.93 x 10 18 

JAMB 2009 47 

Solution 

Number of atoms initially present, N = 10 2 °, half-life, T = 20 5 


0.693 0.693 

X = — — — = — = 0.03465 


20 


dN 


The number of atoms disintegrating the 1st second, = — XN 

dN 

— = 0.03465 x 10 2 ° = 3.47 x 10 18 
dt 


Example 22 

A radioactive element has a decay constant of 0.077s -1 . Calculate its half-life. 

WAEC 2008 so 


Solution 

0.693 0.693 

Decay constant X = 0.077s 1 Half life, T = — - — = ^ — - = 9s 

J X 0.077 


Example 23 

The half-life of a radioactive substance is 2 seconds. Calculate the decay constant. 

NECO 2000 60 


Solution 

Half life, T = 2s 


0.693 0.693 

Decay constant, X = — — — = — - — = 0.347s" 1 


Example 24 

A radioactive element decays to one eight 
of its original quantity in 9 seconds. 
Calculate its decay constant. 

WAEC 1998 57 

Solution: Conventional method 


Example 24 

A radioactive element decays to one 
eight of its original quantity in 9 seconds. 
Calculate its decay constant. 

WAEC 1998 57 

Solution: Zhepwo method 


Let n be the original mass of radioactive Fraction remaining, f T = 
element 


After I half-life element reduces to - 




decay tune) i- 9s 

p- * . ■* Sr* 

T y - ' '’n 1 * ■ 

After 2 half-life element reduces to - f T = - , .j; 

Aflcf 3 half-life element reduces Reanangi&v i integrating R>=* B p. */** 4 

4 v ^ ■*' r * ^ •’ ' : 

If 3 half-life takes 9 sec Half life, T = * ‘ 9 - ' 

Then 1 half-life takes T 


r :;«1 

C 

f** 


Hence T = 


1 halflife x 9 sec 
3 halflife 


Decay constant, X = 


log 2 B Iog 2 8 3 

0.693 0.693 


= T= 3 
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= 0.231s 


9sec 

^ 3 “ 


3sec 


Decay constant, X = = 0 693 

T 3 

= 0.231s' 1 


Relationship between Decay Constant(A) and 
Disintegrating Ratio(R) stant 

Disintegrating ratio (R) is related to the established equation for decay con 
follows. 


as 


A = 2.303 


logR 


7.9 


Ni 

Where R - — 

So, equation 7.9 can be used to find the decay constant even when the half-life is 
given, as long as the initial number of atomsCty), final number of atom s(N 2 ) an ecay 
time(t) are given. 


Example 25 

A radioactive element decays to one eight 
of its original quantity in 9 seconds. 
Calculate its decay constant. 

WAEC 1998 s7 

Solution: Conventional method 

Let n be the original mass of radioactive 
element 

After 1 half-life element reduces to ^ 

After 2 half-life element reduces to ^ 

After 3 half-life element reduces to 7 

8 


Example 25 

A radioactive element decays to one 
eight of its original quantity in 9 seconds. 
Calculate its decay constant. 

WAEC 1998 57 

Solution: Zhepwo method 

Fraction remaining, / r = ^ ; 
decay time t = 9s 



Rearranging, disintegrating ratio R = 8 


If 3 half-life takes 9 sec 

Then 1 half-life takes T 

1 halflife x 9 sec 9sec 

Hence T = 0 = — 7 - 

3 halfhfe 3 

= 3sec 

0.693 0.693 

Decay constant, A = — - — = — - — 

= 0.231s” 1 


decay constant. 


A = 2.303 
= 2.303 


logR 


t 

log 8 

9 


2.303 X 0.90 309 
9 


*= 0.231s” 1 


Example 26 

If *^th of the radioactive atoms of an 
16 

element decay in 8 mm, find the decay 
constant of the element. 

Solution: Conventional method 


Example 26 

If °f fbc radioactive atoms of an 
element decay in 8 min, find the decay 
constant of the element. 

Solution: Zhepwo method 
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If — atoms have decayed, then the 
16 

fraction of atom remaining is 



After 1 half-life, ~ of atoms remain 
After 2 half-life, - of atoms remain 

4 

After 3 half-life, j of atoms remain 

After 4 half-life, — of atoms remain 
16 

•• — of atoms remain after 4 half-life. 

16 

This means that after 4 half-life, the 

number of atoms left is — th of the 
16 

original. 

If 4 half-life takes 8 min 

Then 1 half-life takes T 

1 halflife x 8 min 8min 

Hence T = — — = — - — 

4 halflife 4 


_ 15 

Fraction decayed ,f d — J 

decay time t = 8min 

R - 1 
fa- R 

15 R-l 

16 ~ R 
16 R - 16 = 15/? 

16/? -15/? = 16 

/? = 16 

logR 

decay constant, A = 2.303 " " 

_ 2.303 x log!6 
8min 


2.303 x 1.204 
8 


0.347min~ 1 


= 2min 


0.693 0.693 

Decay constant, A = — — — = 

= 0.347mm -1 


Example 27 

In 24 days, a radioactive isotope 
decreases in mass from 128g to 2g. What 
is the decay constant of the radioactive 
material? 

Solution: Conventional method 
128g => 64g — > 1 halflife 
64g => 32g —> 2 halflife 
32g => 16g — ► 3 halflife 
16g => 8g — * 4 halflife 
8g =* 4g — ♦ 5 halflife 
4g =» 2g — >6 halflife 
If 6 half-life is equal to 24 days 
Ilicn 1 half-life takes T 
T x 6 halflife = lhalf life x 24days 
.. _ 1 halflife x 24days 

6 halflife 


Example 27 

In 24 days, a radioactive isotope 
decreases in mass from 128g to 2g. What 
is the decay constant of the radioactive 
material? 

Solution: Zhepwo method 
Decay time t = 24days; 


initial mass, N 1 = 128 g; 


final mass N 2 = 2g 




decay constant, A = 2.303^5 

t 

_ 2.303 x log64 
24days 

_ 2.303 x 1.806 
24 


= 0.1733day" 1 
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_ 24days 

6 = 4 dnys 

Decay constant, A = - -- 0 693 

T 4 days 

= 0.1 733day-' 


Disintegrating Ratio and Graphical Solutions decay curve 

The disintegration or decay of a radioactive substance can be represent y a ^ ^ 
when the number of atoms remaining is plotted against the time t. The conc^p 
disintegrating ratio could also be used to solve graphical problems as the o * 

examples illustrates. Answers that should normally be obtained from the p o 
can be obtained accurately by calculation. 


Example 28 

The half-life of uranium X 1 is 
of the substance after 

(i) 24 days; 

(ii) 48 days 

(iii) 72 days 

(iv) 96 days 

(v) 120 days 
Plot your answer on a graph and hence determine: 

(vi) the mass remaining unchanged after 84 days 

(vii) after how many days there will be exactly 0.25g unchanged. 

(A.E B) Chapter 47, page 579. exercise 4(d) .ABBOT A.F (1999). Physics. Fifth Fdi/ion.IIcinettiaiin 


24 days. Calculate the mass remaining unchanged ot " '"'g 


Solution: Zhepwo method 

Half-life, T = 24 days ; initial mass present, N 1 = 0.64$ 
final mass remaining, N 2 =? 

We are asked to find N 2 for decay time, t = 24, 48, 72,96, and 120 days. 


N l 

From disintegrating ratio, — = 2 


n 


we substitute. 


(i) t = 24 days 


(ii) t = 48 days; 


(iii) t = 72 days; 


n 


t 

T 


to obtain 


Ni 

N 2 


2 1 !t 


T =24 days; N x = 0.64s; 

N __ N i 0.64s 
2 t / J 2 24/24 

T = 24 days; N r = 0.64g 

_ Ni 0-Mg 

2 2 f/r 2 48/24 

T = 24 days; A/, = 0.64^ 

N _ W| _ 0.64s 

2 2 ! /' r 2 72/2 ‘ ' 


0.64# 

0.64(j 


2 1 

2 

= 0.32s 

0.64g 

0.64g 


2 2 ” = 

4 

= °16s 

0.64# 

0.64$ 


2 3 

8 

= 0.08s 


(iv) t = 96 days; T — 24 days; = 0.64s 
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0.0 4 <7 


A/,= 


N, _ 0 04// 

2 < 7 r " 2'" ,/2 ' 1 


(v) t= 120 .lays; V = 24 d 


ays; 


IV, = 0.04// 
/V, 

/V 2 = 


0.04// 


2 t/r 2 


IZtJ/IM 


0.64// 

0.64// 

2' 

“ 16 

0.64// 

0.64// 

2 r> 

32 


= 0.02.C/ 


Solution: Convcntioiiiil method 

(i) After 24 days, (0.64g) decay, ^ (0.64g) i.c. 0.32g remain 

(ii) After 24 days, 0.32g decay, 0.32g remain 

After 48 days, * (0.32g) decay, ^ (0.32g) i.c. 0. 1 6g remain 

(lii) After 24 days, 0.32g decay, 0.32g remain 
After 48 days, 0. 1 6g decay, 0. 1 6g remain 

After 72 days, | (0.16g) decay, ^ (0.16g) i.c. 0.08g remain 

(iv) After 24 days, 0.32g decay, 0.32g remain 
After 48 days, 0. 1 6g decay, 0. 1 6g remain 

After 72days, 0.08g decay, 0 08g remain 
After 96 days, ~ (0.08g) decay, - (0.08g) i.e. 0.04g remain 

(vj After 24 days, 0.32g decay, 0.32g remain 
After 48 days, 0. 1 6g decay, 0. 1 6g remain 

After 72days, 0.08g decay, 0.08g remain 
After 96days_. 0.04g decay. 0.04g remain 

After 1 20 days, 7 (0.04g) decay, ~ (0.04g) i.c. 0.02g remain 


Though the answers to (vi) and (vii) are to be determined from the graph, equations could 
also be used as shown below. Students are advised to plot the graph and compare their 
answers with those obtained through calculation. 


(vi) “... mass remaining unchanged after 84 days... ” 

• • t = 84 days; T = 24 days N 1 = 0.64 

_ 0.64 g _ 0.64g _ 0.64*7 

Nl ~ 2 C / T ~ 2 04/2 ' 1 “ : W- ~ 11.314 = 0 056 ^ 


(vi) From, . . .after how many days there will be exactly 0.25g unchanged. . . we obtain: 
Final mass remaining, N 2 = 0.25^; decay time t =? 

T = 24 days N l = 0.64 g 


N 1 0.64 1 ) 

Disintegrating ratio R = — = 


2.56 


t x log2 
logR 


T x logR 


24 days x log2.56 


24 days x 0.40824 


log 2 


log 2 


0.301 

= 32.5 clays 


Transformation of Elements through Radioactivity itcnlils - particle; 

In natural radioactivity, a radioactive element undergoes decay ' an( j atomic number 

/^-particle or y- rays. If a radioactive element X with mass nuni C i cn icnt Y, the nuclear 
Z emits an alpha particle (Helium nucleus, \Be) to form an'* 1 ier 
equation is given by 


A Z X — \He + A z-\y 

Similarly, if a radioactive element emits a beta particle (electron, 
element Y, the nuclear equation is given by 


o e > an( j forms another 


iX -» -1e + z +i y 

I qjQf^iic In artificial 

Emission of gamma rays (y) results in no loss of mass number an bombard 

radioactivity, high energy a- particle (\Be) and neutron (o 71 ) are use o 
element thereby changing them from one form to another. Examp e o cz \ 
bombardment is; 

+ $He — 17 e 0 + \H 


Example of neutron bombardment is given by 

2 £Mg + ln->l \Na + \H 

Note: \H represents a proton 

\ H represents a deuterium 
\H represent a tritium 
J n represents a neutron 

represents s beta particle 
2 He represents an alpha particle 


Example 29 

A certain radioisotope of 2 \\U emits four alpha particles and three beta particles. The 
mass number and the atomic number of the resulting element respectively are 
A. 219 and 87 B. 84 and 223 C. 223 and 87 D. 219 and 81 JAMB 1994 48 
Solution 

a-particle = 4a — 

/7-particle = -*• 3/? = 3_Je 

Let A and Z be the mass number and atomic number respectively of the resulting element 
Y. 

2 llU —> 4\He + 3_\e + ft r 

Writing a balanced equation for mass number we obtain 
235 = (4 x 4) + (3 x 0) + A 
235 = 16 + 0 + 4 
235 = 16 + A 
235 - 16 = A 

Mass number, A = 219 

Writing a balanced equation for atomic numbers we obtain 
92 = (4 x 2) + (3 x -1) + Z 
92 = 8 + (-3) +Z 
92 = 8 — 3 + Z 
92 = 5 + Z 
92-5 = Z 

Atomic number Z = 87 

Ans = 219 and 87 or 
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Example 30 

A nuclide X is produced by bombarding a nitrogen (jY) nucleus with an alpbJ 
particle with the release of heavy hydrogen (D) nucleus as shown by the fpllo"^ 
nuclear equation. 

a + 'iN-^tX + lD ^ 

Determine the values of P and q in the equation WAEC *.00- 

Solutlon 

cr-particle = \He 

a + 1 yN — > + \D 

\He + l *N — > %X + \D 

Writing a balanced equation for mass ( nucleon ) number, we obtain 
4 + 14 = P + 2 
18 = P + 2 
P = 18-2 
P = 16 

Writing a balanced equation for atomic ( proton ) number we obtain, 

2 + 7 = <7 + 1 
9 = q + 1 
<7 = 9 — 1 
9 = 8 

Ans: P = 16. q = 8 Or 


Example 31 

N + \He — » 17 0 O + X 

In the equation above, the particle X is 

A. a proton B. a neutron C. an a-particle D. a ^-particle JAMB 2008*° 

Solution 

Let A represent mass number and Z atomic number 

^ N + \He — » 17 e 0 + iX 

Writing a balanced equation for mass numbers we obtain 
14 + 4 = 17 + 4 

18 = 17+4 

4 = 18-17 

4 = 1 

Writing a balance equation for atomic numbers we obtain 
7 + 2 = 8 + Z 

9 = 8 + Z 

Z = 9 — 8 

Z = 1 

A \X become \X which is a proton ( \H ) Ans: 4 (a proton) 


NUCLEAR REACTION 

Nuclear reaction is divided into nuclear fission and nuclear fusion. 

Nuclear fission is the splitting up of a heavy atomic nucleus by neutron 
bombardment. It results in the formation of two approximately equal lighter nuclei, more 
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neutrons and ii,„ i — »r .mdrreocs neutron 

bombardment \ °* SC vcry * nr £ c am ounl °f energy. Uranium U,,VJ 
* S s,l0Wn below to fomi Barium and kryplon nuclei. 

2 3f« + J» — l HBa + l?.Kr + 2jn + energy 

Pressnn^" n'"i f,ls,on is <l'e combination, under extremely h'S 1 ' 1 L ^ n c ray 
8lU " Uc,ei 10 fom ' heavier nucleus with release of huge amount of energy, 
tcniim and tntium nuclei arc fused to form helium nucleus ns shown below. 


1 M + j/Y — > £// c + i n + energy 

Nuclear reaction (fission and fusion) occur with a loss in mass and the release of huge 
amount of energy. The loss in mass, also known as mass defect, is given by 

Mass defect = mass of original substance in a. m. u - mass of products in a. m. u 

Note, n.m.u. means atomic mass unit and is denoted by the symbol, u. 


The difference in mass that happens in a nuclear reaction is a measure of the binding 
energy of the particular nucleus or nuclei. 

Binding energy is the quantity of energy that must be put into a nucleus in order 
to break it into its constituent particles. Therefore, binding energy of a nucleus is 
proportional to the difference between the total mass of the individual nucleons and the 
mass of the nucleus . Usually, the total mass of the stable nucleus or nuclide is less than 
llic sum of the masses of its constituent nucleons. 

The energy released during nuclear reaction (binding energy) is given by 
Einstein’s energy equation. 

E - me 2 

Where c = velocity of electromagnetic wave (light wave) = 3 X 10°ms -1 
m = Mass defect in kilogram where la. m.u = 1.66 x 10 _27 /a/ 

E = Nuclear energy 


The unit <?f energy in nuclear reaction can be expressed in unified atomic mass unit ful 
the electron volt (< eV ) or joules (/), as follows v J 

leV = 1.6 x 1(T 19 ; 

1 MeV = 1.6 x 10" 13 y 

lti = ^ZlMcV = 1.490 x 10“ 10 / 


or 


Example 32 

In a nuclear reaction the mass defect is 2.0 x 10‘ 6 
dint the velocity of light is 3.0 x lO^ns -1 . 
Solution 

Mass defect m = 2.0 x 1 0‘ 6 # = 2 x lQ^kg 
Velocity of light c = 3.0 x 10°ms _1 


9 ' Calculate the energy released, given 
WAEC 1997 s7 


Energy released E = me 2 
= 2.0 x 
= 2.0 x 
= 1.8 x 


10“ 9 x (3 x 10 n ) 2 
10“ 9 x 9 x 10 16 
10 B / 
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Example 33 

In a thermonuclear reaction, the total initial mass is 5.02 x 10 
mass is 5.01 x 10~ 27 kg. The energy released in the process is 
B. 9.0 x 10 -11 7 C. 9.0 x 10~ 12 / D. 9.0 x 10~ 13 / [c = 3 x 


-»kg and the totai final 
A. 9.0 x 10' ,o 7 
10 8 m5' 1 l 


Solution _ x 

Initial mass= 5.02 x 10~ 27 kg; final mass= 5.01 x 10' 27 kg; c = 3 x 10 8 ttls 


Mass defect = initial mass- final mass 
m = 5.02 x 10” 27 - 5.01 x 10" 27 
m = 1.0 x 10 ~ 29 kg 
Energy release E — me 2 

= 1.0 x 10" 29 x (3 x 10 8 ) 2 
= 1.0 x 10“ 29 x 9 x 10 16 
£ = 9.0 x 10~ 13 y 


Example 34 

In the fusion of hydrogen isotopes into helium, the decrease in mass is about 0.65 /fr- 
Calculate the energy obtainable when 1 .0#. of hydrogen is used. 

[c = 3.0 x 10 8 ms _1 ] NECO 2006 E1 ° 

Solution 

1.0# = 0.001 kg; c = 3.0 x 10 8 ms" 1 
0.65 

Mass defect, m = x 0.001 

m = 6.5 x 10 6 kg 
Energy obtained E = me 2 

= 6.5 x lO” 6 x (3 x 10 8 ) 2 = 5.85 x 10 11 / 

Example 35 

A possible fusion reaction i s \H + \H —* \H + \H + Q y where Q is the energy released 
as a result of the reaction. If Q — 4.03 MeV, Calculate the atomic mass of \H in atomic 
mass units. [\H = 2.01410u; \H = 1.00783u; 1 u = 931MeK] WAEC 2000 E1S 

Solution 

\H + + \H + Q 

Let x be the atomic mass of \H in u. 

1 u = 931MeV 

4.03u 

Therefore, 4.03 MeV = = 0.004329u 

Substitute given values into the nuclear equation to obtain: 

2.01410 + 2.01410 — > x + 1.00783 -h 0.004329 
4.0282 = x 4- 1.01216 

x = 4.0282 - 1.01216 = 3.01604u 


Example 36 

The radioactive nuclei 2 g 8 Po emits an a -particle to produce 02^^* Calculate the energy, 
in MeV, released in each disintegration. 

(Take the masses of 2 $Po = 

209.936730u; 2 $,Pb = 205.929421 u; \He - 4.001504u,and that lu = 93\MeV) 

WAEC 2006 Els 

Solution 

or-particle = 
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2 JSPo — ♦ \He + 2 g \Pb 4- Energy (<?) 
lu = VllMeV 

Substituting given values into the nuclear equation, we obtain. 

(209.936730)931 = (4.001504 + 205.929421)931 + Q 
195451.0956 = 209.930925 X 931 + <? 
195451.0956 = 195445.6912 + Q 

Q = 195451.0956 - 195445.6912 

Q = 5A04MeV 


Example 57 n q^q u 

The binding energy of helium is A. 2.017 u B. 0.033u C.4.03 u • 

[atomic mass of proton = 1.00783u, atomic mass of neutron = 100 u l 

]AMB 2004 21 

Solution 

Atomic mass of proton = 1.00783u 
Atomic mass of neutron - 1.00867u 
Atomic mass of \He nucleus = 4 u 
Number of protons — 2 
Number of neutrons = 4—2 = 2 
Mass of protons = 2(LO0783u) = 2.01566u 
Mass of neutrons — 2(1.00867u) = 2.01734u 
Total mass neutron = 2.01566 u + 2.01734u = 4,033u 
Binding energy = difference between mass of nucLeon and that of nucleus 
— mass of nucleon— mass of nucleus 
= 4.033u — 4u 
= 0.033u 


Example 38 

The mass of a proton is 1.0074u and that of a neutron is 1.0089U. Determine the energy 
evolved in stabilizing the nucleus of nitrogen of a mass number 14 with 7 protons and 7 
neutrons, [speed of light = 3.0 x 10 8 m5 _1 ; lu 1.67 x 10 ~ 27 kg] 

WAEC 2005 49 

Solution 

mass of proton = 1.0074u; mass of neutron = 1.0089u mass of nucleus = 14u; 
speed of light c = 3 x 10 s ms" 1 number of proton = 7; number of neutron = 7 

lu = 1.67 X lO" 27 ^ 

Mass of protons = 7(1.0074u) = 7.05 18u 
Mass of neutrons = 7(1.0089u) = 7.0623 u 
Total mass of nucleon = mass of proton + mass of neutron 
= 7.0518 + 7.0623 = 14.1141u 
Mass of nucleon in kg = 14.1 141 x 1.67 x 10~ 27 kg 
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= 2.3570547 x 10 ~ 26 kg 
Mass of nucleus in kg = 14 X 1.67 X 10~ 27 kg 
= 2.338 x 10~ 26 kg 

Mass defect = mass of nucleon — mass of nucleus 

m = 2.3570547 x 10" 26 - 2.338 x 10' 26 
m = 1.90547 x 10~ 2Q kg 
Energy evolved E = me 2 

= 1.90547 x 10" 28 x (3 x 10 8 ) 2 
= 1.714923 x 10" 11 ; - 1.715 X 10 ~ n J 

Example 39 

Calculate, in joules, the binding energy for %Be. 

[ Atomic mass of \Be = 9. 0 12 19u; mass of proton = 1.00783 m, mass o^neu 

= 1.00867u, unified atomic mass unit, u — 931 MeV, leV = 1-6 x 10 J\ E1 $ 

NECO 2007 

Solution 

Mass of 4 Be = mass of nucleus = 9.012 19u 
Mass of proton = 1.00783u; u = 931A/eK 
Mass of neutron = 1.00867u; leV = 1.6 x 10“ 19 / 

Number of protons = 4 

Number of neutrons = 9 — 4 = 5 

Mass of protons = 4(1.00783u) = 4.03132u 

Mass of neutrons = 5(1.00867u) = 5.04335u 

Mass of nucleon = mass of proton + mass of neutron 
= 4.03132u + 5.04335U 
= 9.0746 7u 

Mass defect (binding energy) = mass of nucleon - mass of nucleus 

= 9.07467u — 9.01219u 
= 0.06248u 

Binding energy = 0.06248 x 931 x 10 6 x 1.6 x 10 -19 / = 9.3 x 10 -12 / 


Example 40 

Deuteron and tritium fused to form a helium nucleus according to the equation 
\H + \H — ► \He + Jn + Q 
Calculate, in joules, the energy released. 

(lH = 3.01605i/; jH = 2.01410 u; \He = 4.00260u; ) 

( Jn = 1.00867; lu = 931 MeV; leV = 1.6 x 10 ~ l9 J) NECO 2004* 15 

Solution 

Total mass of reactants = 2.01410// + 3.01605// 

= 5.03015// 

Total mass of products = 4.00260// + 1.00867// 

= 5.011271/ 

Mass defect = mass of reactant - mass of product 
= 5.03015-5.01127 
= 0.01888// 
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Energy released = 0.01888 x 931 MeV 
= \7.S772SMeV 
= 17.57728 x 10 6 x 1.6 X 10~ 19 
Q = 2.812 x 10“ 12 7 


EXERCISE 7* toms would have 

1. An element whose half life is 3 years has N atoms. How many a 7 

, N^crioq ? 56 Ans:-/v atoms 

decayed after 9 years? WAEC 1992 8 ^ 

2. The half life of a radioactive element is 9 days. What fraction at0 ™ is 

decayed in 36 days? A. ^ B. j C.\ D. ^ JAMB 1995 ^ 

3. A radioactive element has a half life of 4 days. The fraction that has ec y 

day is A. ^ B. ^ C. 7 ^ D. ^ JAMB 2006 4 Ans. 16 

4. A radioactive substance has a half life of 20 hours. What fraction ^of the ong 
radioactive nuclide will remain after 80 hours? WAEC 1993 55 Ans. J6 

5. A sample of radioactive material has a half life of 35 days. Calculate the fraction 
of the original quantity that that will remain after 105 days. 

WAEC 2001 E1S Ans;i 

6 . A radioactive substance has a half life of 20 days. What fraction of the original 
radioactive nuclei will remain after 80 days? 


A.i B.i C.£ -32 — -“i, 

7. A radioactive substance has a half life of 2 years. If the initial mass is 40$, which 
of the following rows correctly give the mass of substance left at the times stated? 




JAMB 2007 2 Ans:— 



2years 

3 years 

4years 

5years 

A 

20.(7 


10.g 


B 

30(7 

20.(7 

io a 

07 

C 

30(7 

20.(7 

15,7 


D 

20(7 


10.7 

M 


JAMB 1989 46 Ans: 


A 

8 . A radioactive nuclide of mass 6.0g has a half life of 8 days. Calculate the time 
during which 5.257 of the nuclide would have decayed. WAEC 1995 s4 Ans: 24days 

9. The half life of a radioactive substance is 14 days. If 48$ of this substance is 
stored, after how many days will 1.5# of the original substance remain? 

WAEC 2000 48 Ans: 70days 

10. 4 g of a radioactive material of half life 10 days is spilled on a laboratory floor. 
How long would it take to disintegrate 3.5 g of the material? 

A. 1 ^ days B. 8 ^ days C. 30 days D. 80 days. JAMB 1991 47 Ans: 30 days 

11. The count rate of an alpha particle source is 400 per minute. If the half life of the 
source is 5 days, what would be the count rate per minute after 1 5 days? 

WAEC 199 6 60 Ans: 50 

12. The half-life of a radioactive substance is 3 years. How long, in years, will it take 
384 of the substance to decay to a mass of 6 g? NECO 2008 s7 Ans: 18 years 

13. A substance has a half-life of 3 seconds. After 6 seconds, the count rate was 
observed to be 400. What was its count rate at zero time? 

A. 200 B. 1200 C. 1600 D. 2400 JAMB 1990 48 Ans: 1600 
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14. Il ihc fraction of the atoms of a radioactive material left after 120 years fi A 

is the half life of the material? A. 2 years ». 10 years C. 20 years 

D. 24 years. JAMB 2000’ 7 Ans: 20 yenrs^ ^ ^ 

15. In 50 days, a radioactive isotope decreases in mass from 33// 9- 

half life of the radioactive material? NECO 2001 Ans: 10 days . g (hc 

16. In 24 days, a radioactive isotope decreases in mass from 128/7 to 9' 

half life of the radioactive material? NECO 2001 Ans; 4 days 

17. 1 lie half life of a radioactive substance is 2 seconds. Calculate the decay 

WAEC 1991 50 Ans: 0.3465s"' ds? 

18. What is the decay constant of a radioactive element whose halt life is sc 

WAEC 1996 55 Ans: 0.231 see' 1 ^ its 

19. The decay constant of the isotope of a nuclide is 1.36 x 10 s a 3 

half-life. NECO 2008 E1 ° Ans: 5.096 X 10 . 

20. The half life of a radioactive element is 5 seconds. Calculate its decay consta 

WAEC 1999 47 Ans: 0.1386s' 1 

21. A radioactive element has a decay constant of 0.077s -1 . Calculate its ia i c 

WAEC 2003 47 Ans: 9 seconds 

22. Which of the following representation is correct for an atom X with 36 electro 
and 40 neutrons? A. B. JgX C. D. \%X E. %X 

NECO 2008 s6 Ans: D 

23. A radioisotope has a decay constant of 10" 7 s -1 . The average life of the 
radioisotope is A. 6.93 X 10°s B. 1.00 x 10~ 4 s C. 1.00 x 10 7 s D. 6.93 X 10 

JAMB 2004 19 Ans: 6.93 X 10 6 s 

24. Eight ar-particlcs and six /?-particIc are emitted from an atom of before it 
achieves stability. What is the nucleon number of the final product in the chain reaction. 

WAEC 1993 58 Ans: 206 

25. Uranium of atomic number 92 and mass number 238 emits an alpha particle from 
its nucleus. The new nucleus formed has, respectively, atomic number and mass number. 

WAEC 2005 so Ans: 90 and 234 

26. Eight alpha decays and six beta decays are necessary before an atom of 92 U 
achieves stability. The final product in the chain has an atomic number of 

A. 70 B. 78 C. 82 D. 90 JAMB 1989 49 Ans: 82 

27. An element X of atomic number 88 and mass number 226 decays to form an 
element Z by emitting two beta particles and an alpha particle. Z is represented by 

A. 2 l\Z B. 2 l\Z C. 2 HZ D. 2 1%Z JAMB 1993 49 Ans: B 

28. The nucleon number and the proton number of an neutral atom of an element are 
23 and 1 1 respectively. How many neutrons are present in the atom? 

WAEC 2001 46 Ans: 12 

29. \\Na + X — » 2 9 F + 4 //e What particle is X in the react on above? 

A. Beta B. Gamma C. Alpha D. Neutron. JAMB 2002 49 Ans: Neutron 

30. In a nuclear fusion experiment the loss of mass amounts to 1.0 x I0~ 6 kg. The 
amount of energy obtained from the fusion is 

A. 3.0 x 10 _4 y B. 3.0X10- 1 / C. 9.0 x 10 4 / D. 9.0 x 10 10 / 

[speed of light = 3.0 x 10 8 ms" 1 ] JAMB 1998 49 Ans: 9.0 x 10 10 / 

30. The amount of energy released when 0 .5kg of uranium is burnt completely is 
A. 4.5 x 10 16 / B. 1.5 x 10 16 / C. 1.5 x 10 8 / D. 4.5 x 10 8 / 

(c = 3 x 10°m5'“ 1 ) JAMB 2005 12 Ans: 4.5 x 10 6 J 

32. A substance of mass 2.0 x 10 ~ s kg undergoes a fission process which decreases 

its mass by 0.3%. What amount of energy is released in the process? (c = 3 0 x 
10°m5" 1 ) NECO 2008 59 Ans: 5.4 x 10 9 / 

33. A material of mass 1.0 x 10 3 lcg undergoes a fission process which decreases its 

mass by 0.02 percent. Calculate the amount of energy released in the process Ic = v 
10 8 ms _1 ] WAEC 2000 49 Ans: 1.8 x 10 10 / 
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proccnx, i/ic dcauw.c in mail i>> 0.01%. I low much ‘ ""M •< 

f ( *i ^"'iV <*f 1 .0// ofiJic ffi.'iicrinJ A. 0.0 X 1 0'/ li. ').<>/. 10 / 

< . A..I x l)(J OX ,0-V |,-*;i.ox I0"//I/; M 

, IAMII y.00:i 4 '' Ain: /■ Ul I 

* -*• In fi r. . /■ .. (ih /' if In ofodu* .<! 


]AMII ; 

n ri imclciir fuiiimi proccnii, fiiur piolonn cadi olrn.m'i M/< wwc lii'.cil t“ l u " 

^ Wliitli of flic following c<|t/;ilion /<i correct/ 

A.4M ; , > H. 4M ( , = M x C. 4M,. < M x I V M r = M x IAMII 1WI 4 * An '*' A 

Milieu Idle in jniilcu, the liindinj; cncrj’y for ~ C ft . 

| Atomic muss of r £c n = fWW 332 uj [Mass of proton = 1.007fl.'M 
[Mass of neutron = !.(>0H67 m| |Unlflcd atomic mar;.-; unit u = O'MMuVl 
\ )cV = 1-6 x 1 0 ' 1 '7 J hm / ; y; j ()<)<)!!'■ Ann: 8.28 x 10 ’ V 

^7. Calculate, in joules, the bindinj; cncrj’y for ij/,/ 

[Atomic mass of J/,, = 7.01G00u] (Mass of neutron = 1.00«fS7uJ [Ma-;-; o! proton = 
1.00783u J [Unified atomic mass unit, u = 9'MMrV\ \ lcV = J/> X 10 ’ /| 

NKCO 2002™ Ann: 0.21) X lir’7 

^ A nucleus has a proton number of 84. ft emits an ^-particle and then a //-pa/licle 
to achieve stability. What is the proton number of the product? 

M//1 /iV7 1 997 s * Ans: 03 

i‘j/Va 4- proton — > f'/Y 4* alpha particle. What are the values of t* and ry 
respectively in the equation above? 

A. 10 and 20 B. 12 and 24 C.20andl0 D.24and12 JAMH 1999 44 Ans: C 

40. Jf the decay constant of a radioactive substance is 0.23 Js \ the half-life is 

A. 3.00s B. 0.12s C. 0.33s I). 1. 50s JAMB 2009 4 '' Ans: A 

41. A piece of radioactive material contains 1 0 2 ° atoms. If the half-life of the material 
is 20 seconds, the number of disintegrations in the first second is 

A. 3.47 x 10 ,fl B. 6.93 x 10 20 C. 3.47 x 10 2r) IX 6.93 x lO 1 ^ 

JAMB 2009 47 Ans: A 

42. The half-life of a radioactive substance is 5hours. If 5g of the substance is left 
after 20hours, determine the original mass of the substance. NECO 2009'' Ans: 80g 

43. Determine the value of x from the nuclear reaction below. 


— > 2f? 4- energy NECO 2009'' y Ans: 222 

44. Calculate the decay constant of a radioactive substance which has a half-life of 25 
days. NECO 2009 ,/y Ans:2.77 x 10' 2 day' J 
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Table 1: Quantities, Formulae and Units 


QUANTITY 

DEFINITION II 

FORMULA 

s.i. < 

UNIT " 

symbol 

DIMENSION 

Speed 

distance 

time 

5 

v=- 

t 

metre 

per 

second 

m/s 

LT" 1 

Velocity 

displacement 

time 

S 

w= t 

metre 

per 

second 

m/s 

LT" 1 

Acceleration 

change In velocity 
time 

v-u 

a =— 

meter 

per 

second 

SQuarcd 

m/s 2 v 

LT" 2 

Equations of motion, rectilinear acceleration 

v = u + at, s = ut 4 
Equations of motion, gravitational acceleratio 
v = u ± gt, h = ut H; 

i: 

^at 2 ,V 2 = l 
n: 

1-2 
:-gt 2 ,v z = 1 

i 2 + las 

i 2 ± 2gh 

Force 

mass x acceleration 

F = ma 

newton 

N 

MLT" 2 

Friction 

coefficient 

frictional force 

normal reaction 

\i — tanO 




Tensile 

stress 

force 

area 

F F 

— or — 7 

A nr z 

newton 

per 

meter 

squared 

N/m 2 

ML -1 T" 2 

Tensile 

stress 

change in length 
original length 

e 

7 




Elastic force 

force constant x extension 

F = ke 

newton 

N 

MLT" 2 

Young 

modulus 

stress 

strain 

y = — 

. e/l 

newton 

per 

meter 

squared 

N/m 2 

ML" 1 ?" 2 

Work done 
in elastic 
spring/string 

average force x extension 

W =\ F e 

= \ke 2 

joule 

j 

ml 2 t - 2 

Linear 

expansivity 

increase in length 

a- ,2_ ' , 

Per 

Kelvin 

or 

Per 

Celsius 

K- 1 

or 

° c -i 


original length x temperature rise 


Area 

expansivity 

increase in area 

B - * 2 ~ A ' 

Per 

Kelvin 

or 

Per 

Celsius 

K " 1 

or 

o C -i 


= 2 a 

original area x temperature rise 

Cubic 

expansivity 

increase in volume 


Per 

Kelvin 

or 

Per 

Celsius 

K" 1 

or 

o C -i 


r _ 

v,(o 2 -e,) 

= 3 or 

original volume x temperature rise 

Apparent 

volume 

expansivity 

rnnss(volume) of liquid expelled 

Per 

Kelvin 

or 

Per 

cclsius 

K _1 

or 

o C -i 


^ a mnss(volume) of liq remaining xtemp rise 

_ apparent Increase in volume 

original volume xiemperature rise 


Real cubic 
expansivity 

Actual increase in volume per unit 
volume per degree rise in 
temperature, when vessel 
expansion is considered 

Yr = Ya + Y 

vtv 

Kelvin 

or 

Per 

celsius 

K" 1 

or 

o C -i 


Work 

force x distance 

W = Fxs 

— mg x 5 

Joule or 
newton 

meter 

I 

or 

Nm 

ML 2 T- 2 

Work done 
(horizontal) 

force x cosine of angle x distance 

= FcosO x s 

= mgcosO x s 

Joule or 
newton 

meter 

I 

or 

Nm 

ML z T ' 2 

Work done 
(vertical) 

force x sine of angle x distance 

FsinO x s 

mgsind x s 

Joule or 
newton 

meter 

I 

or 

Nm 

ML z T - 2 

Kinetic 

energy 

energy due to motion 

KE - ;rnf ! 

2 

Joule or 
newton 

meter 

or 

Nm 

ML 2 T' 2 

Potential 

energy 

energy by virtue of position or 
height 

PE = mgh 

Joule or 
newton 

meter 

I 

or 

Nm 

ml 2 t -2 

Power 

work done(energy expended) 
time 

p _ Fxs 
t 

_ mgxs 

c 

= F x s 

Watt or 
joule 
per 

second 

W 

Or 

Is" 1 

ml 2 t -3 

Efficiency 

0) 

power output v 
power input 

— x 100 

Pi 





QUANTITY 

DEFINITION 

FORMULA 

S.I. 

UNIT 

SYMBOL 

DIMENSION 

Electric 

current 

quantity of charge 
time 

,.2 

t 

ampere 

A 


Potential 

difference 

current x resistance 

V = IR 

volt 

V 


Resistance 

potential difference 
current 

V 

r =7 

ohm 

n 


Resistance 
in parallel 



ohm 

n 


Two resistor 
in parallel 


R - RlRl 
Ri+R 2 

ohm 

n 


Resistance 
in series 


R — /?j + /?2 

ohm 

n 


E.m.f.(cell) 
in series 


E = Ex + E 2 

volt 

V 


E.m.f.(cell) 
in parallel 


II 

II 

volt 

V 


E.m.f. 

Potential difference between 
cell terminals at open circuit 

E 

= l(JR + r) 

E = V + v 

volt 

V 




x 100 

= — — x 100 

R+r 




Electrical 

energy 

Charge quantity x pot. 
difference 

W = QV 
= IVt 

= l 2 Rt = v -^ 

Joule 

J 


Electrical 

electrical energy transfered 

p =- = 9X. 

‘ t t 

watt 

w 


power 

time taken 

= / 2 K=? 


Electrical 
heat energy 


H = l 2 Rt 
= Pt 

V 2 t 

= — = IVt 

Joule 

J 



QUANTITY 

DEFINITION 

FORMULA 

S.I. 

UNIT 

SYMBOL 

dimension 

Resultant of 
two 

perpendicular 

vectors 


* = Jf?+F 2 
e=tan ' 1 ® 




Resultant of 
two non- 
perpendicular 
vectors 


R 

= Jf’+f, 1 - 2F 1 FjCosfl 

. (F t sine\ 
a = sm ( R ) 




Resolved 
horizontal 
component of 
force 

force x cosine of 
angle given 

F cos 6 

newton 

N 

MLT -2 

Resolved 
vertical 
component of 
force 

force X cosine of angle 
given 

Fsinfl 

newton 

N 

MLT -2 

Projectile time 

of flight 

time taken to return to 
same projection level 

2 U sin & 

T 

Q 

second 

s 

T 

Projectile 

maximum 

height 

highest vertical distance 
from projection plane 

U 2 sin 2 0 

//=— 

2 9 

meter 

m 

L 

Projectile 

range 

horizontal distance from 
projection point to 
projection plane 

U 2 sin 20 

R 

9 

meter 

m 

L 

Equations of motion under gravity: v = u±gt, h = ut± igt 

v 2 = u 2 ± 2gh 

Moment of 
force 

force x perpendicular 

F x s 

newton 

meter 

Nm 

ML 2 T” 2 

Density 

mass 

volume 

m 

P = 7 

kilogram 

per 

meter 

cubed 

kg/m 3 

ML -3 

Relative 

density 

mass of substance 
mass of equal vol H 2 o 





llpthrust 

density of fluid X 

volume X q 

U F =pxvxg 

newton 

N 

MLT" 2 

Centripetal 

acceleration 


V 2 

a = — 
r 

meter 

per 

second 

squared 

m/s 2 

LT -2 

— 

mass X centrinetal 

mV 2 



m. mm 


Linear 
ucctlir.il Ion 

X rmlnis; 

angular acceleration x 
amplitude 

11 1 Mt 1 

= (i) 2 A 
d — ( zr 

per 

second 

squared 

m/s 2 

LT 

1'erlod 

time taken 

t In 1 

7' -a — n -a — 

second 

s 

T 

Frequency 

number of oscillations 

time taken 

H 01 1 
f n — • -t — rr — 

1 t 2n T 

Per 

second 
or lied/ 

s -1 or 
Hertz 

T -i 

Period of 

simple 

pendulum 

Time for one complete 
cycle 

It 

T =» 2/r !- 

V, ~ T 2 If 
%j l 2 

second 

s 

T 



Energy of 

simple 

harmonic 

motion 

T = 2* 

T = 2/r £ ; rj « 

yjv V' n 

; fmJ-fc 

* 1 2ft yj * 

i x 

61 3 

Momentum 

Mass x velocity 

m x v 

Newlon 

second 

Ns or 
kgirs/s __ 

MLT -1 

Impulse 

Force x time or 

Mass x acceleration 

I = f'xt 
= 7 71 x ( v - a) 

Newlon 

second 

Ns or 
karri /s 

MLT" 1 

Force 

Mass x acceleration 

F = ma 

m(v — u) 

F = — 

t 

newton 

N | 

1 

MLT -2 

Mechanical 

Advantage 

load output force 
effort 1 Input force 

L 

M.A. = - 


i 


Velocity Ratio 

distance moved by effort 
distance moved by load 

V.R~ C = 1 

l sin 0 

_ 2nr — R 




- 


P r 




efficiency 

work output v -[pfjr,/ 0 

M. A 

£ = _ XlOO% 

l /f 

£ = ~ x 100% 

/l 




work input 





q/op _ 22) 9 U C 

:elsius( c C) = — - , fahrcnhcit(°F) = — + 32, K = e C + 273 


btolufc 

rmperattirc 

temperature measured 

from absolute zero 

T = 273 + °C 

kclvin 

K 


edsiancc 

lermometcr 

mperaturc 


0 

U — /? 0 

= — —x 100°C 

'MOO “ IK 0 

Celsius 

°C 


eat capacity 

heat required to raise 
temperature of substance 
by 1 °C 

C = me 

joules 

per 

kclvin 

IK' 1 

or 

re - 1 


icciflc heat 
pacity 

heat required to raise 

temperature of unit mass 
of substance by 1°C 

Q 

m(0 2 - 0 X ) 

joidc per 

kilogram 

per 

kclvin 

Jkg~ 1 K- 1 

or 



Specific latent 
heat of 
vapourization 

HUdi MJtjUlIUU llltlUgC 

unit mass of substance at 
boiling point to vapour 
without temperature 
change 

m 

IVt 

m 

joule per 
kilogram 

Jkg 1 


Relative 

humidity 


m 

= — x 100% 

Af 

= vp x 100% 

S.V.P 

S.V.P at dewpoint v -| nno/„ 

~ S.V.P at air temperature 


Pressure 

force per unit area 

P = P9 h 

newton 

per 

meter 

squared 

N/m 2 

ML -1 T -2 

Work done by 
expanding gas 

Pressure x change in 
volume 

W 

= P(V 7 - V,) 

joules 

J 

ML 2 T -2 


IA Vy Pj P; 

Boyle's law: P X V X - P 2 V 2 , Charles law : zr = — , Pressure law:— = — 

' 1 7 2 ; 1 ^ 

Pi^ P 2 V 2 
General gas law: = — — 


Cubic 

expansivity 

f-t # T 

change in volume from 0°C 
vol at O'C xchange in temp. 

_v e -v 0 

’ V 0 x9 

l 0 ~l O 

Y =i„xe 

per 
kclvin 
or per 
Celsius 

K- 1 

or 

o C -i 


Pressure 

expansivity 

change in pressure from 0°C 
vol at 0“C xchange in temp. 

P = p e- P ° 

P 0 x9 

per 
kelvin 
or per 
Celsius 

K' 1 

or 

o C -i 


Pressure 

force 

area 

P=7- P = 
pgh 

newton 

per 

meter 

squared 

N/m 2 

ML -1 T -: 

Pi ^2 

Pascal principle: — = — , Hare sapp^ 
A x A 2 

„ Pi h 2 
iratus: — = — 

P2 

Frequency 

number of cycles 

time taken 

number of wavelength 

time taken 

f-~r 

hertz 

Hz 

T -i 

Wavelength 

Distance between successive 
crest or trough 


meter 

m 

M 

Wave velocity 

Wavelength X freq 

wavelength 

period 

A 

v = T = *f 

meter 

per 

| second 

m/s 

LT" 1 

Mathematical wave equation; Y - Asi’ 

2nx 2 n /X 

' — ■ Y = /Ism— (x - vt), Y = Asin2n[j- ftj 

Magnificat inn 

image distance 
object distance 

image height 

V 

M =- 
u 





Equations are more important 
to me, because politics is for 
the present, but an equation is 
something for eternity. 

Albert Einstein (1879 - 1955) 
German-born U.S. physicist. 


The aim of research is the 
discovery of the equations 
which subsist between the 

elements of phenomena. 
Ernst Mach (1838 - 1916) 

Austrian physicist and philosopher. 


Image formed 
by inclined 
mirror 


360 

n= B 1 




Mirror or lens 
formula 


1 _ i 1 

f u V 

f= UV 

U + V 




Refractive 

index 

sin of angle of incidence 
sin of angle of refraction 

speed in air 
speed in glass 

wavelength in air 
wavelength in glass 

real depth 
apparent depth 

sin i 
n=- — 
sinr 

0 V a 

a " 9 ~v g 

a n g ~ , 

A 9 

R 

n_ A 

a^g 

_ sin\(A+D m ,„) 
sin±A 




Critical angle 

Angle of incidence when 
angle of refraction is 90° 

i 

n=— — 
sinC 




Wave speed 

Wavelength x fieq 

wavelength 

period 

A 

K = r 

V = A/ 

v = Ve 

meter 

per 

second 

m/s 

LT" 1 

Velocity of 
sound 


t 

meter 

per 

second 

m/s 

LT" 1 

Vibrating 
string Si 
vibration in 
open open 

Fundamental freq 

First overtone 

Second overtone 

Third overtone 

fi — 2/o = j 
/ 2 = 3/ 0 =| 
/j = 4ft=y 




Vibration in closed pipe: f 0 =~, f x = 3f 0 =~, / 2 = 5/ 0 = — , 

7v 4/ ’ 

/3 = 7/ 0 =- 


Sonometer: 


fr _* \L 

* velocity of wave along string, v = I — , frequency / / Jm 

N r 

1 Ir - 1 I 

fundamental frequency, f 0 = — I— , first overtone, 2/ 0 — 7jM 

2 /JM n 

2 It 


second overtone, 


3 | T 

>/z = 3/ 0 =— — . thi; 


— — , third overtone, /j — 4/o JJm 

21 Jm N 


Velocity or 
found In 

raonanee 

tube 


* = 2/(f 2 -ii) 

meter 

per 

second 

m/s 

T* l 

\ 

Beal 

frequency 


fb ~ [2 ~ fl 

per 

second 
or hertz 

S-* 

T' 1 


QUANTITY 

DEFINITION 

FORMULA 

S.I. UNIT 

SYMBOL 

dimension 

Gravitational 

force 

force of 
attraction 
between two 
bodies 

Cm 1 m 2 

r 2 

newton 

N 

MLT" 2 

Gravitational 

potential 

work done by 
gravitational Held 
in taking unit mass 
from infinity to a 
point 

II 

-is 

joules 

per 

kilogra 

m 

Jkg" 1 

L 2 T -2 

Escape 

velocity 

maximum velocity 
with which object 
escape from 
gravitational field 

K = figR 

I2GM 

meter 

per 

second 

m/s 

LT -1 

Electric force 

force between two 
charges 

. 1 <h<h 

4ir£» r 2 

newton 

N 

MLT -2 

Electric field 
intensity 

electric force per 
unit charge 

£ = ’ 2 

4rr e Q r 2 

newton 

per 

coulomb 

NCT 1 


Electric 

potential 

work done by 
electric field to 
bring unit positive 
charge from 
infinity 

Cr| ^ 

-if 

II 

volt 

V 



charge on plate 

c 4 

eA 

farad 

F 


Capacitance 

p.d. between plates 

h 

11 

L> 


• 


Capacitance in 
series 


i=± + ± + ± 

c A A A 

farad 

F 


Capacitance in 
parallel 


c - £, + A + c 3 

farad 

F 
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quantity 

DEFINITION 

FORMULA 

S.l. UNIT 

SYMBOL 

dimension 

Energy stored 
in capacitor 


W=^qV = jCV 1 

joule 



Resistivity 

resistance per unit 
length per unit 
cross sectional area 

RA 

P = T 

_ Rnr 2 
l 

ohm- 

meter 

fim 


Electrical 

Conductivity 

reciprocal of 
resistivity 

1 / 

° “ p~ RA 

per ohm- 
meter 

(fim)" 1 


Shunt resistant 


rJj^L 

1 - ! s 

ohm 

n 


Multiplier 

resistant 


V 

*=r-r 

1 a 

ohm 

n 


Electrochemica 

1 equivalent 

mass deposited per 
coulomb during 
electrolysis 

M pAd 

z 

kilogram 

per 

coulomb 

kg/C 


Magnetic force 


F = qVBSinO 

F = BllSind 

newton 

N 

MI.T ' 2 

Induced e.m.f. in 

electromagnetic 

field 


E = BlV 
- NABcjsmO 

volt 

V 


Transformer 

equations 


E s N s 

E P N P 

Es Ip 

Ep Is 




Transformer 

efficiency 


L x £. 

100 

Ip x Ep 

= * V x 100 

]p x Np 




Alternating 

current 


1 = / 0 Sin2ir/r 

ampere 

A 


Alternating 

voltage 


V = V 0 Sm2nft 

volt 

V 


Root mean , . 
square cu^tn^ 


i =— 
rms V2 

ampere 

A 


Roo^jpeai^- ? 
squ&e voltage 


; Vo 

Vrmj - V5 • 

*> 

volt 



V 


•i 

A.C. resistance 
> < ; 4 


t V,£s£ 

— — ; 

-r 

ohiji 

W f H 

_4_ 


Inductive 
reactance V 

V; 

^ I 

= 2 nfL 

. ohm 



Inductance 


t .JL -Ji. 

2jt// oil 

o 

henry 

H 

• 
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QUANTITY 

HKHNITION 

l-'ORMIJLA 

S.t. UNIT 

SYMIIOI. 

DIMENSION^ 

Voltage across 
inductor 


V L a 1 * X L 

volt 

V 


Voltage across 
capacitor 


v e = lxx t 

volt 

V 


Capacitive 

reactance 


x c = — 

<oC 

1 

^ Inf C 

ohm 

n 


Capacitance 


c = —l— 

M v c 

i 

farad 

F 


L-R circuit 

impedance 


Zl * = N 

R* + X* 

ohm 

n 


L-R circuit 
current 


, = V > 

° jRi+Xi 

ampere 

A 


L-R circuit 
total voltage 


V = 

\ 

V* + V> 

volt 

V 


R-C circuit 
impedance 


z -=> 

/« 2 + 

ohm 

n 


R-C circuit 
current 


Jr 1 + x} 

ampere 

A 


R-C circuit 
total voltage 


V = 

V 

vi + vi 

volt 

V 


L-C circuit 
impedance 


Z LC =X L -X C 

ohm 

a 


L-C circuit 
current 


a" 

II 

1 

* 

ampere 

A 


L-C circuit 
total voltage 


II 

1 

volt 

V 


R-L-C circuit 
impedance 


Vft 2 + (x L - x c y 

ohm 

ft 


R-L-C circuit 
current 


v. 

jRi + (x L -x c y 

ampere 

A 


R-L-C circuit 
total voltage 


+ 

1 

,1 10 

volt 

V 


Resonance 

frequency 


1 

~ 2WI? 

hertz 

Hz 


Power in A.C 
circuit 


P = IVcosO 

( £ 0S°=j) 

watt 

W 


Power factor 

Cosine of phase 
angle 

resistance _r 
cos0 ~ impedance z 
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QUANTITY 

DEFINITION 

FORMULA 

S.I. UNIT 

SYMBOL 

dimension 

Energy of 
photon 


E = hf 

he 

£= ~ 

joule 

I 


Electron volt/ 
kinetic energy 


1 

eV = -m e v 2 

eV = hf 




Energy of photon 

(Einstein 

equation) 

work function + 
kinetic energy 

£ = Vt 0 +\ m e vZ 

hf = hfo + ev 

,, he 
hf = — + ev 

A 0 

joule 

I 


Stopping 

potential 


jrz 

ii 

* 1 

£ 

volt 

V 


Wavc-particlc 
duality equation 
(Dc Broglie) 


T 'I 1 1 

^ ^ ^ II 




Heisenberg 

principle 


h 

Ip 

Ax 

h 

Ax > — r 

A(m X v ) 

h 

AE.At > — 

2 n 

A E. At > h 




Disintegration 

ratio 


N x 

* = 2"=^ 

(n = t/T ) 




Zhepwo half 
life equation 


T ~ log 2 R 

_ t log2 
logR 




Number of 
atoms decayed 


N a = N,-N 2 

= w ‘(— ) 

= Nt(R - 1) 
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Fraction of 

atom 

undecayed 


/r w, 

_ 1 
~ R 




Fraction of 
atoms decayed 


f -*i 

_R- 1 
/? 




Decay constant 


ivVdt/ 

_ 0.693 

= 2.303^ 
t 





Table 2: Greek Alphabet 


Upper 

Case 

Lower 

Case 

Name 

Upper 

Case 

Lower 

Case 

Name 

Upper 

Case 

Lower 

Case 

Name 

Upper 

Case 

Lower 

Case 

Name 

A 

a 

alpha 

H 


eta 

N 

V 

nu 

T 

T 

tau 

B 

P 

beta 

0 

9 

theta 

Z 


xi 

T 

V 

upsilon 

r 

y 

gamma 

I 

t 

iota 

0 

0 

omicron 

O 

<P 

phi 

A 

s 

delta 

K 

K 

kappa 

n 

n 

P‘ 

X 

X 

chi 

E 

£ 

epsilon 

A 

X 

lambda 

p 

P 

rho 

*¥ 

rp 

psi 

z 

< 

zeta 

M 

V- 

mu 

z 

a 

sigma 

n 

Cl) 

omega 


Table 3: Physical Constants 


Constant 

Symbol 

Value 

Speed of light in vacuum 

c 

3.0 x 10 8 ms -1 

Gravitational constant 

G 

6.67 x 10 _11 Nm 2 kg~ 2 

Electron rest mass 

771 e 

9.11 x 10" 31 kg 

Proton rest mass 

m p 

1.67 x 10“ 27 kg 

Neutron rest mass 

m n 

1.67 X 10~ 27 kg 

Atomic mass unit 

u 

1.66 x 10~ 27 kg 

Avogadro constant 

N a 

6.023 x 10 23 mol“ 1 

Planck constant 

h 1 

6.63 x 10~ 34 Js 

Faraday constant 

F 

9.65 x 10 4 Cmol -1 

Electron charge 

e 

1.60 x 10" 19 C 

Electron-volt 

eV 

1.6 x 10" 19 J 

Electron charge-to-mass ratio 

e/m e 

1.76 x 10 11 Ckg _1 

Proton charge-to-mass ratio 

e/m p 

9.6 x 10 7 Ckg _1 

Permittivity of vacuum 

£o 

8.85 x 10" 12 Fm _1 

Molar gas constant 

R 

8.31447)K -1 mor 1 

Acceleration due to gravity 

9 

9.807ms" 2 

Standard atmospheric pressure 

P 

1.01325 x 10 s Nm" 2 


Table 4: Fundamental Quantities and Units 


Quantity 

Symbol 

S.I Unit 

Symbol 

Length 

/ 

meter 

m 

mass 

m 

kilogramme 

ba _ 

Time 

t 

second 

s 

Thermodynamic 

temperature 

e,T 

kelvin 

K 

Luminous intensity 

L 

candela 

cd 

Electric current 

/ 

ampere 

A 

Amount of substance 

n 

mole 

mol 


Table 5: Submultiples and Multiples of Metric Prefixes 


Submultiples 

Prefix 

Symbol 

Multiples 

Prefix 

Symbol 

lcr 1 

deci 

d 

10 1 

deca 

da 

10" 2 

centi 

c 

10 2 

hecto 

h 

10- 3 

milli 

m 

10 3 

kilo 

k 

10" 6 

micro 

a 

10 6 

mega 

M 

10- 9 

nano 

n 

10 9 

giga 

G 

10- 12 

pico 

P 

10 12 

tera 

T 

10- ,s 

femto 

f 

10 1S 

peta 

P 

10- 18 

atto 

a 

10 18 

exa 

E 

10- 21 

zepto 

z 

10 21 

zetta 

Z 

0 

1 

N 

♦ 

yocto 

y 

10 24 

yotta 

Y 
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UNIT CONVERSION FACTORS 


MASS 

1 kg = 1000 g 
1 g = 10" 3 kg 
1 mg = 10" 3 g = 10“ 6 kg 
l/ig = 10' 6 g= 10" 9 kg 

LENGTH 

lm = 100 cm = 10 2 cm 
1 m = 1000 mm = 10 3 mm 
1 m = 1000000 /im = 10 6 /im 
1 m = 1000000000 nm = 10 9 nm 
1 m = 3.281 ft 
lm = 39.37 in 
1 cm = 0.3937 in 
1 in = 2.540 cm 
1 ft = 30.48 cm 
1 yd = 91.44 cm 
1 mi = 5280 ft 
1 mi = 1.609 km 
1 light year = 9.461 x 10 1S m 

ACCELERATION 
1 ms" 2 = 100 cm -2 
1 ms" 2 = 3.281 ft/s 2 
1 cm" 2 = 0.01 ms -2 
1 cm“ 2 = 0.03281 ft/s 2 

SPEED 

1 km/h = 0.2778 ms" 1 
1 mile/h = 0.447 ms -1 
1 mile/h = 1.609 km/h 
1 ms" 1 = 3.281 ft /s 
1 mile/min = 60 mile/h = 88 ft /s 
1 in/s = 2.54 cm/s 

FORCE 
1 N = 1 kgms" 2 
1 N = 10 s dyn 
1 N = 0.2248 lb 
1 lbft 2 s" 1 = 0.0421 kgm 2 s“ 2 
IN = 23.75 lbft 2 s" 1 

ENERGY 
1 J = 1 Nm 
1 kWh = 3.6 x 10 6 J 
1 eV = 1.602 x 10" 19 J 

POWER 
1 W = 1 Js" 1 
1 hp = 746W 


TIME 

1 min = 60 5 

1 millisecond = 1 ms = 10" 3 s 
1 microsecond = 1 /is = 10 -6 s 
1 nanosecond = 1 ns = 10" 9 s 
lh = 3600 s 
1 d = 86400 s 
ly = 365.24 d 
ly = 3.156 x 10 7 s 

AREA 

1 m 2 = 10000 cm 2 = 10 4 cm 2 
1 m 2 = 1000000 mm 2 = 10 6 mm 2 
1 mm 2 = 10“ 6 m 2 
1 cm 2 = 10“ 4 m 2 
lm 2 = 10.76 ft 2 
1 cm 2 = 0.155 in 2 

VOLUME 
1 m 3 = 10 6 cm 3 
1 m 3 = 10 9 mm 3 
1 cm 3 = 10~ 6 m 3 
1 mm 3 = 10" 9 m 3 
1 litre = 1000 cm 3 
1 litre * 10" 3 m 3 
1 m 3 = 35.31 ft 3 
1 m 3 = 61.02 x 10 3 in 3 

ANGLE 

1° = 0.01745 rad 
1° = n/180 rad 
1 revolution - 360° = 2 tt rad 
1 rad = 57.30° = 180°/7 t 
1 rev/min(rpm) = 0.1047 rad/s 
1 rpm = 0.0167 rev/s 

PRESSURE 
1 Pa = 1 Nm" 2 
1 bar = 10 s Pa 
1 mmHg = 133 3 Nm" 2 
1 bar = 10 s Nm" 2 
1 mmH 2 0 = 9.807 Nm" 2 
1 atm = 101.325 KNm“ 2 

MASS-ENERGY EQUIVALENCE 
1 kg 8.988 X 10 16 J 
1 u «-► 931.5 MeV 
leV «— ► 1.074 x 10" 9 u 
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By academic freedom I 
understand the right to 
search for truth and to 
publish and teach what one 
holds to be true. This right 
implies also a duty: one 
must not conceal any part 
of what one has recognized 
to be true. 

Albert Einstein (1879 - 1955) 

German-born U.S. physicist. 
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